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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Copper building wire rated 600 V or less.

2. Aluminum building wire rated 600 V or less.

B. Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" for additional 

abbreviations, definitions, submittals, qualifications, testing agencies, and other 

Project requirements applicable to Work specified in this Section.

2. Section 260011 "Facility Performance Requirements for Electrical" for seismic-load, 

wind-load, acoustical, and other field conditions applicable to Work specified in this 

Section.

3. Section 260523 "Control-Voltage Electrical Power Cables" for control systems 

communications cables and Classes 1, 2, and 3 control cables.

4. Section 271500 "Communications Horizontal Cabling" for cabling used for voice and 

data circuits.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 COPPER BUILDING WIRE

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor 

with an overall insulation layer or jacket, or both, rated 600 V or less.

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Alpha Wire Company.

2. Belden Inc.

3. Cerro Wire LLC.

4. Encore Wire Corporation.

5. General Cable Technologies Corporation.

6. Okonite Company (The).

7. Southwire Company.

8. WESCO.

http://www.specagent.com/LookUp/?ulid=12724&mf=04&src=wd


May 22, 2020

Tuscany

260519 - 2 LOW-VOLTAGE ELECTRICAL 

POWER CONDUCTORS AND 

CABLES

Copyright © 2020 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International 

Treaties. It was created by "COR Engineering LLC" for "Tuscany".  A valid, current MasterSpec license is required for editing and use of this document for any other 

project.(10522)

C. Standards:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked 

for intended location and use.

2. Conductor and Cable Marking: Comply with wire and cable marking according to 

UL's "Wire and Cable Marking and Application Guide."

D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 

for stranded conductors.

E. Conductor Insulation:

1.  Type THHN and Type THWN-2: Comply with UL 83.

2.  Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 83.

3. Type XHHW-2: Comply with UL 44.

2.2 ALUMINUM BUILDING WIRE

A. Description: Flexible, insulated and uninsulated, drawn aluminum current-carrying 

conductor with an overall insulation layer or jacket, or both, rated 600 V or less.

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Alpha Wire Company.

2. Belden Inc.

3. Cerro Wire LLC.

4. Encore Wire Corporation.

5. General Cable Technologies Corporation.

6. Okonite Company (The).

7. Southwire Company.

8. WESCO.

C. Standards:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked 

for intended location and use.

2. Conductor and Cable Marking: Comply with wire and cable marking according to 

UL's "Wire and Cable Marking and Application Guide."

D. Conductors: Aluminum, complying with ASTM B800 and ASTM B801.

E. Conductor Insulation:

1.  Type THHN and Type THWN-2: Comply with UL 83.

2.  Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 83.

3. Type XHHW-2: Comply with UL 44.
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PART 3 - EXECUTION

3.1 CONDUCTOR MATERIAL APPLICATIONS

A. Feeders:

1. Copper for feeders smaller than No. 1/0 AWG; copper or aluminum for feeders No. 

1/0 AWG and larger. Conductors must be solid for No. 10 AWG and smaller; 

stranded for No. 8 AWG and larger.

B. Branch Circuits:

1. Copper, minimum acceptable size 10 AWG.

2. Copper, stranded for No. 10 AWG and larger.

C. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 

METHODS

A. Service Entrance: Type THHN/THWN-2, single conductors in raceway .

B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway .

C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: 

Type THHN/THWN-2, single conductors in raceway .

D. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors 

in raceway .

E. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 

Type THHN/THWN-2, single conductors in raceway .

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

B. Complete raceway installation between conductor and cable termination points according 

to Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors 

and cables.

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound 

used must not deteriorate conductor or insulation. Do not exceed manufacturer's 

recommended maximum pulling tensions and sidewall pressure values.

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, 

that will not damage cables or raceway.
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E. Install exposed cables parallel and perpendicular to surfaces of exposed structural 

members, and follow surface contours where possible.

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."

3.4 INSTALLATION OF FIRE-ALARM WIRE AND CABLE

A. Comply with NFPA 72.

B. Wiring Method: Install wiring in metal pathway according to Section 280528 "Pathways for 

Electronic Safety and Security."

1. Install plenum cable in environmental airspaces, including plenum ceilings.

2. Fire-alarm circuits and equipment control wiring associated with fire-alarm system 

must be installed in a dedicated pathway system.

a. Cables and pathways used for fire-alarm circuits, and equipment control 

wiring associated with fire-alarm system, may not contain any other wire or 

cable.

3. Fire-Rated Cables: Use of two-hour, fire-rated fire-alarm cables, NFPA 70, Types MI 

and CI, is permitted.

4. Signaling Line Circuits: Power-limited fire-alarm cables may be installed in the same 

cable or pathway as signaling line circuits.

C. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as 

recommended by manufacturer. Install conductors parallel with or at right angles to sides 

and back of the enclosure. Bundle, lace, and train conductors to terminal points with no 

excess. Connect conductors that are terminated, spliced, or interrupted in any enclosure 

associated with fire-alarm system to terminal blocks. Mark each terminal according to 

system's wiring diagrams. Make all connections with approved crimp-on terminal spade 

lugs, pressure-type terminal blocks, or plug connectors.

D. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes, cabinets, or 

equipment enclosures where circuit connections are made.

E. Color-Coding: Color-code fire-alarm conductors differently from the normal building power 

wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. 

Color-code audible alarm-indicating circuits differently from alarm-initiating circuits. Use 

different colors for visible alarm-indicating devices. Paint fire-alarm system junction boxes 

and covers red.

F. Risers: Install at least two vertical cable risers to serve the fire-alarm system. Separate 

risers in close proximity to each other with a minimum one-hour-rated wall, so the loss of 

one riser does not prevent receipt or transmission of signals from other floors or zones.

G. Wiring to Remote Alarm Transmitting Device: 3/4 inch1 inch conduit between the fire-

alarm control panel and the transmitter. Install number of conductors and electrical 

supervision for connecting wiring as needed to suit monitoring function.



May 22, 2020

Tuscany

260519 - 5 LOW-VOLTAGE ELECTRICAL 

POWER CONDUCTORS AND 

CABLES

Copyright © 2020 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International 

Treaties. It was created by "COR Engineering LLC" for "Tuscany".  A valid, current MasterSpec license is required for editing and use of this document for any other 

project.(10522)

3.5 CONNECTIONS

A. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values. If manufacturer's torque values are not indicated, use those specified in 

UL 486A-486B.

B. Make splices, terminations, and taps that are compatible with conductor material  and 

that possess equivalent or better mechanical strength and insulation ratings than 

unspliced conductors.

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inch of slack.

3.6 IDENTIFICATION

A. Identify and color-code conductors and cables according to Section 260553 "Identification 

for Electrical Systems."

B. Identify each spare conductor at each end with identity number and location of other end 

of conductor, and identify as spare conductor.

END OF SECTION 260519
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes grounding and bonding systems and equipment.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.3 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

1.4 CLOSEOUT SUBMITTALS

PART 2 - PRODUCTS

2.1 SYSTEM DESCRIPTION

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.

B. Comply with UL 467 for grounding and bonding materials and equipment.

2.2 MANUFACTURERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

3. Burndy; Hubbell Incorporated, Construction and Energy.

4. Harger Lightning & Grounding.

5. ILSCO.

6. Siemens Industry, Inc., Energy Management Division.

2.3 CONDUCTORS

A. Insulated Conductors: Copper or tinned-copper wire or cable insulated for 600 V unless 

otherwise required by applicable Code or authorities having jurisdiction.

B. Bare Copper Conductors:

1. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

http://www.specagent.com/LookUp/?ulid=7341&mf=04&src=wd
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2. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 

1-5/8 inches wide and 1/16 inch thick.

3. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with 

copper ferrules; 1-5/8 inches wide and 1/16 inch thick.

2.4 CONNECTORS

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications 

in which used and for specific types, sizes, and combinations of conductors and other 

items connected.

B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer 

for materials being joined and installation conditions.

C. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals.

D. Cable-to-Cable Connectors: Compression type, copper or copper alloy.

E. Conduit Hubs: Mechanical type, terminal with threaded hub.

F. Ground Rod Connector: Exothermic Weld[hex head bolt] .

G. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head 

screw.

H. Straps: Solid copper, cast-bronze clamp copper lugs. Rated for 600 A.

I. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.

J. Water Pipe Clamps:

1. Mechanical type, two pieces with stainless-steel bolts.

a. Material: Die-cast zinc alloy.

b. Listed for direct burial.

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct 

burial.

2.5 GROUNDING ELECTRODES

A. Ground Rods: Copper-clad steel; 3/4 inch by 10 feet .

B. Ground Plates: 1/4 inch thick, hot-dip galvanized.

PART 3 - EXECUTION

3.1 APPLICATIONS

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors 

for No. 6 AWG and larger unless otherwise indicated.
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B. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 2/0 AWG 

minimum.

1. Bury at least 30 inches below grade.

C. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, 

and elsewhere as indicated.

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches 

above finished floor unless otherwise indicated.

2. Where indicated on both sides of doorways, route bus up to top of door frame, 

across top of doorway, and down; connect to horizontal bus.

D. Conductor Terminations and Connections:

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.

2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated.

3. Connections to Ground Rods at Test Wells: Bolted connectors.

4. Connections to Structural Steel: Welded connectors.

3.2 GROUNDING AT THE SERVICE

A. Equipment grounding conductors and grounding electrode conductors shall be connected 

to the ground bus. Install a main bonding jumper between the neutral and ground buses.

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS

3.4 EQUIPMENT GROUNDING

A. Install insulated equipment grounding conductors with all feeders and branch circuits.

3.5 INSTALLATION

A. Grounding Conductors: Route along shortest and straightest paths possible unless 

otherwise indicated or required by Code. Avoid obstructing access or placing conductors 

where they may be subjected to strain, impact, or damage.

B. Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless 

otherwise indicated.

1. Interconnect ground rods with grounding electrode conductor below grade and as 

otherwise indicated. Make connections without exposing steel or damaging coating 

if any.

C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance 

except where routed through short lengths of conduit.

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to 

penetrate any adjacent parts.
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2. Use exothermic-welded connectors for outdoor locations; if a disconnect-type 

connection is required, use a bolted clamp.

D. Grounding and Bonding for Piping:

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, 

from building's main service equipment, or grounding bus, to main metal water 

service entrances to building. Connect grounding conductors to main metal water 

service pipes; use a bolted clamp connector or bolt a lug-type connector to a pipe 

flange by using one of the lug bolts of the flange. Where a dielectric main water 

fitting is installed, connect grounding conductor on street side of fitting. Bond metal 

grounding conductor conduit or sleeve to conductor at each end.

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water 

meters. Connect to pipe with a bolted connector.

3.6 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections:

1. After installing grounding system but before permanent electrical circuits have been 

energized, test for compliance with requirements.

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 

electrical connections with a calibrated torque wrench according to manufacturer's 

written instructions.

3. Test completed grounding system at each location where a maximum ground-

resistance level is specified, at service disconnect enclosure grounding terminal , at 

ground test wells , and at individual ground rods. Make tests at ground rods before 

any conductors are connected.

a. Measure ground resistance no fewer than two full days after last trace of 

precipitation and without soil being moistened by any means other than 

natural drainage or seepage and without chemical treatment or other 

artificial means of reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 

assembly, and other grounding electrodes. Identify each by letter in alphabetical 

order, and key to the record of tests and observations. Include the number of rods 

driven and their depth at each location, and include observations of weather and 

other phenomena that may affect test results. Describe measures taken to improve 

test results.

C. Grounding system will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

E. Report measured ground resistances that exceed the following values:
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1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 

ohms.

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.

3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 

ohms.

4. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).

F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify 

Architect promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Steel slotted support systems.

2. Conduit and cable support devices.

3. Mounting, anchoring, and attachment components, including powder-actuated 

fasteners, mechanical expansion anchors, concrete inserts, clamps, through bolts, 

toggle bolts, and hanger rods.

B. Related Requirements:

1. Section 260548.16 "Seismic Controls for Electrical Systems" for products and 

installation requirements necessary for compliance with seismic criteria.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Delegated-Design Submittal: For hangers and supports for electrical systems.

1. Include design calculations and details of hangers.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, and 

coordinated with each other, using input from installers of the items involved.

1.4 QUALITY ASSURANCE

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design hanger and support system.

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-

inch- diameter holes at a maximum of 8 inches o.c. in at least one surface.

1. Manufacturers: Subject to compliance with requirements, undefined:
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a. Atkore International (Allied Tube & Conduit).

b. Atkore International (Unistrut).

c. Eaton (B-line).

d. G-Strut.

e. GS Metals Corp.

f. Haydon Corporation.

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.

3. Material for Channel, Fittings, and Accessories: Galvanized steel .

4. Channel Width: 1-5/8 inches .

5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to 

MFMA-4.

6. Protect finishes on exposed surfaces from damage by applying a strippable, 

temporary protective covering before shipping.

B. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, 

designed for types and sizes of raceway or cable to be supported.

C. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or 

their supports to building surfaces include the following:

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland 

cement concrete, steel, or wood, with tension, shear, and pullout capacities 

appropriate for supported loads and building materials where used.

a. Manufacturers: Subject to compliance with requirements, provide products 

by one of the following:

1) Hilti, Inc.

2) ITW Ramset/Red Head; Illinois Tool Works, Inc.

3) MKT Fastening, LLC.

4) Simpson Strong-Tie Co., Inc.

2. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to 

MSS Type 18 units and comply with MFMA-4 or MSS SP-58.

3. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM F 

3125/F 3125M, Grade A325 .

4. Toggle Bolts: All -steel springhead type.

5. Hanger Rods: Threaded steel.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with the following standards for application and installation requirements of 

hangers and supports, except where requirements on Drawings or in this Section are 

stricter:

1. NECA 1.

2. NECA 101

http://www.specagent.com/LookUp/?ulid=1742&mf=04&src=wd
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B. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 

materials and installation for penetrations through fire-rated walls, ceilings, and 

assemblies.

C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways 

and Boxes for Electrical Systems."

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports 

for EMT, IMC, and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings 

that are less than those stated in NFPA 70. Minimum rod size shall be 1/4 inch in diameter.

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 

support system, sized so capacity can be increased by at least 25 percent in future without 

exceeding specified design load limits.

1. Secure raceways and cables to these supports with two-bolt conduit clamps .

3.2 SUPPORT INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 

article.

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT RMC may be 

supported by openings through structure members, according to NFPA 70.

C. Strength of Support Assemblies: Where not indicated, select sizes of components so 

strength will be adequate to carry present and future static loads within specified loading 

limits. Minimum static design load used for strength determination shall be weight of 

supported components plus 200 lb .

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and 

fasten electrical items and their supports to building structural elements by the following 

methods unless otherwise indicated by code:

1. To New Concrete: Bolt to concrete inserts.

2. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion 

anchor fasteners on solid masonry units.

3. Instead of expansion anchors, powder-actuated driven threaded studs provided 

with lock washers and nuts may be used in existing standard-weight concrete 4 

inches thick or greater. Do not use for anchorage to lightweight-aggregate concrete 

or for slabs less than 4 inches thick.

4. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with 

MSS SP-69 .

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the 

need for reinforcing bars.
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3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 

elevation to support and anchor electrical materials and equipment.

B. Field Welding: Comply with AWS D1.1/D1.1M.

END OF SECTION 260529
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SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Type EMT-A and Type EMT-SS raceways and elbows.

2. Type EMT-S raceways and elbows.

3. Type ERMC-A and Type ERMC-SS raceways, elbows, couplings, and nipples.

4. Type ERMC-S raceways, elbows, couplings, and nipples.

5. Type FMC-S and Type FMC-A raceways.

6. Type IMC raceways.

7. Type LFMC raceways.

8. Type PVC raceways and fittings.

9. Threaded metal joint compound.

10. Solvent cements.

11. Surface metal raceways and fittings.

12. Wireways and auxiliary gutters.

13. Metallic outlet boxes, device boxes, and covers.

14. Cabinets, cutout boxes, junction boxes, and pull boxes.

15. Cover plates for device boxes.

16. Hoods for outlet boxes.

1.2 ACTION SUBMITTALS

A. Product Data: For the following:

1. Wireways and auxiliary gutters.

2. Surface metal raceways.

3. Floor boxes.

4. Cabinets and cutout boxes.

PART 2 - PRODUCTS

2.1 TYPE EMT-S RACEWAYS AND ELBOWS

A. Steel Electrical Metal Tubing (EMT-S) and Elbows:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Atkore International (Allied Tube & Conduit).

b. Atkore International (Calconduit).

c. Emerson Electric Co.

d. Topaz Lighting & Electric.

2. Applicable Standards:

http://www.specagent.com/LookUp/?ulid=13807&mf=04&src=wd
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a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 797 and UL Category Control Number FJMX.

2) Material: Steel.

3) Exterior Coating: Zinc .

4) Interior Coating: Zinc with organic top coating .

c. Options:

1) Minimum Trade Size: 3/4 inch .

2) Colors: As indicated on Drawings.

2.2 TYPE ENT RACEWAYS AND FITTINGS

A. Electrical Nonmetallic Tubing (ENT) and Fittings:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. J-M Manufacturing Co., Inc. (JM Eagle).

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 1653 and UL Category Control Number FKHU.

c. Options:

1) Minimum Trade Size: 3/4 inch .

d. Fittings:

1) Mechanically Attached Fittings: UL 1653.

2) Solvent-Attached Fittings: UL 651.

2.3 TYPE ERMC-S RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES

A. Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, and 

Nipples:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Atkore International (Allied Tube & Conduit).

b. Eaton (Crouse-Hinds).

c. Killark; Hubbell Incorporated, Construction and Energy.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 6 and UL Category Control Number DYIX.

2) Exterior Coating: Zinc.

3) Interior Coating: Zinc with organic top coating .

c. Options:

1) Minimum Trade Size: 3/4 inch .

http://www.specagent.com/LookUp/?ulid=14218&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=13802&mf=04&src=wd
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B. PVC-Coated-Steel Electrical Rigid Metal Conduit (ERMC-S-PVC), Elbows, Couplings, and 

Nipples:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Atkore International (Calbond).

c. Robroy Industries (KorKap).

d. Robroy Industries (Perma-Cote).

e. Robroy Industries (Plasti-Bond).

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 6 and UL Category Control Number DYIX.

2) Exterior Coating: PVC complying with NEMA RN 1  and marked ETL 

Verified PVC-001.

3) Interior Coating: Zinc with organic top coating .

4) Fittings for PVC-Coated Conduit:

a) Minimum coating thickness of 0.040 inch, with overlapping 

sleeves protecting threaded joints.

b) Conduit bodies must be Form 8 with an effective seal and a 

positive placement feature to ease and assure proper 

installation. Certified results confirming seal performance at 15 

psig (positive) and 25 in. of mercury (vacuum) for 72 hours must 

be available. Conduit bodies must be supplied with plastic-

encapsulated stainless steel cover screws.

c) Form 2 inch long or one pipe diameter long, whichever is less, 

PVC sleeve at openings of female fittings, except unions. Inside 

sleeve diameter must be matched to outside diameter of metal 

conduit.

d) PVC coating on the outside of conduit couplings must be 

protected from tool damage during installation.

e) Female threads on fittings and couplings must be protected by 

urethane coating.

f) Fittings must be from same manufacturer as conduit.

g) Beam clamps and U bolts must be formed and sized to fit outside 

diameter of coated conduit. Plastic-encapsulated nuts must 

cover the exposed portions of threads.

c. Options:

1) Minimum Trade Size: 3/4 inch .

2) Colors: As indicated on Drawings.

3) Conduit Fittings for Hazardous (Classified) Locations: UL 1203.

4) Expansion and Deflection Fittings: UL 651 with flexible external bonding 

jumper.

http://www.specagent.com/LookUp/?ulid=13813&mf=04&src=wd
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2.4 TYPE FMC-S AND TYPE FMC-A RACEWAYS

A. Steel Flexible Metal Conduit (FMC-S):

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Electri-Flex Company.

c. Topaz Lighting & Electric.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standard: UL 1 and UL Category Control Number DXUZ.

2) Material: Steel.

c. Options:

1) Minimum Trade Size: 3/4 inch .

2) Colors: As indicated on Drawings.

2.5 TYPE IMC RACEWAYS

A. Steel Electrical Intermediate Metal Conduit (IMC):

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Atkore International (Allied Tube & Conduit).

c. Atkore International (Calconduit).

d. Zekelman Industries (Wheatland Tube).

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standard: UL 1242 and UL Category Control Number DYBY.

2) Exterior Coating: Zinc .

3) Interior Coating: Zinc with organic top coating .

c. Options:

1) Minimum Trade Size: 3/4 inch .

2) Colors: As indicated on Drawings.

2.6 TYPE LFMC RACEWAYS

A. Steel Liquidtight Flexible Metal Conduit (LFMC-S):

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Anamet Electrical, Inc (Anaconda Sealtite).

c. International Metal Hose Co.

http://www.specagent.com/LookUp/?ulid=13808&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=13805&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=13810&mf=04&src=wd
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2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standard: UL 360 and UL Category Control Number DXHR.

2) Material: Steel.

c. Options:

1) Minimum Trade Size: 3/4 inch .

3. Colors: As indicated on Drawings.

2.7 TYPE PVC RACEWAYS AND FITTINGS

A. Schedule 80 Rigid PVC Conduit (PVC-80) and Fittings:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. J-M Manufacturing Co., Inc. (JM Eagle).

c. Opti-Com Manufacturing Network, Inc (OMNI).

d. Topaz Lighting & Electric.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 651 and UL Category Control Number DZYR.

2) Dimensional Specifications: Schedule 80.

c. Options:

1) Minimum Trade Size: 3/4 inch .

2) Markings: For use with maximum 90 deg C wire. For directional boring 

applications.

B. Type EB Rigid PVC Concrete-Encased Underground Conduit (PVC-EB) and Fittings:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. J-M Manufacturing Co., Inc. (JM Eagle).

b. Southern Pipe, Inc.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 651 and UL Category Control Number DZYR.

2) Dimensional Specifications: Type EB.

c. Options:

1) Minimum Trade Size: 3 inch .

http://www.specagent.com/LookUp/?ulid=13951&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=14227&mf=04&src=wd
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2.8 ELECTRICALLY CONDUCTIVE CORROSION-RESISTANT COMPOUNDS FOR THREADED 

CONDUIT

A. Applicable Standards:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

approved by authorities having jurisdiction for application to threaded conduit 

assemblies.

2. General Characteristics:

a. Reference Standards: UL 2419 and UL Category Control Number FOIZ.

2.9 SOLVENT CEMENTS

A. Solvent Cements for Type PVC Raceways and Fittings:

1. Applicable Standards:

a. General Characteristics:

1) Reference Standards: As recommended by conduit manufacturer in 

accordance with UL 514B and UL Category Control Number DWTT.

2.10 WIREWAYS AND AUXILIARY GUTTERS

A. Metal Wireways and Auxiliary Gutters:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Eaton (B-line).

c. nVent (Hoffman).

d. Schneider Electric USA (Square D).

e. Wiegmann; Hubbell Incorporated, Commercial and Industrial.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 870 and UL Category Control Number ZOYX.

2) Fittings and Accessories: Include covers, couplings, offsets, elbows, 

expansion joints, adapters, hold-down straps, end caps, and other 

fittings to match and mate with wireways as required for complete 

system.

3) Finish: Manufacturer's standard enamel finish.

c. Options:

1) Degree of Protection: Type 12 unless otherwise indicated.

2) Wireway Covers: Flanged-and-gasketed type unless otherwise 

indicated.

2.11 METALLIC OUTLET BOXES, DEVICE BOXES, AND COVERS

A. Metallic Outlet Boxes:

http://www.specagent.com/LookUp/?ulid=1749&mf=04&src=wd
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1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in 

either the sides of the back, or both, for entrance of conduit, conduit or cable 

fittings, or cables, with provisions for mounting outlet box cover, but without 

provisions for mounting wiring device directly to box.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Appleton - EGS; Emerson Electric Co., Automation Solutions.

c. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

d. Eaton (Crouse-Hinds).

e. Hubbell Premise Wiring; Hubbell Incorporated, Commercial and Industrial.

f. Pass & Seymour; Legrand North America, LLC.

g. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

h. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial.

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 514A and UL Category Control Number QCIT.

c. Options:

1) Material: Sheet steel Cast metal.

2) Sheet Metal Depth: Minimum 2 inch .

3) Cast-Metal Depth: Minimum 2.4 inch .

4) Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled 

for attachment of luminaire weighing up to 50 lb .

B. Metallic Conduit Bodies:

1. Description: Means for providing access to interior of conduit or tubing system 

through one or more removable covers at junction or terminal point. In the United 

States, conduit bodies are listed in accordance with outlet box requirements.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Appleton - EGS; Emerson Electric Co., Automation Solutions.

c. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

d. Eaton (Crouse-Hinds).

e. Killark; Hubbell Incorporated, Construction and Energy.

f. Pass & Seymour; Legrand North America, LLC.

g. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

h. Robroy Industries (Plasti-Bond).

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 514A and UL Category Control Number QCIT.

C. Metallic Device Boxes:

http://www.specagent.com/LookUp/?ulid=14242&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=14243&mf=04&src=wd
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1. Description: Box with provisions for mounting wiring device directly to box.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Appleton - EGS; Emerson Electric Co., Automation Solutions.

c. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

d. Eaton (Crouse-Hinds).

e. Hubbell Premise Wiring; Hubbell Incorporated, Commercial and Industrial.

f. Killark; Hubbell Incorporated, Construction and Energy.

g. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

h. Robroy Industries (Plasti-Bond).

i. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial.

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 514A and UL Category Control Number QCIT.

c. Options:

1) Material: Sheet steel Cast metal.

2) Sheet Metal Depth: minimum 2.5 inch .

3) Cast-Metal Depth: minimum 2.4 inch .

4) Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled 

for attachment of luminaire weighing up to 50 lb .

2.12 CABINETS, CUTOUT BOXES, JUNCTION BOXES, AND PULL BOXES

A. Indoor Sheet Metal Cabinets:

1. Description: Enclosure provided with frame, mat, or trim in which swinging door or 

doors are or can be hung.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Eaton (B-line).

c. Eaton (Crouse-Hinds).

d. Erickson Electrical Equipment Company.

e. FSR Inc.

f. Killark; Hubbell Incorporated, Construction and Energy.

g. Milbank Manufacturing Co.

h. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

i. Schneider Electric USA (Square D).

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL Category Control Number CYIV.

a) Non-Environmental Characteristics: UL 50.

b) Environmental Characteristics: UL 50E.

http://www.specagent.com/LookUp/?ulid=14244&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=14263&mf=04&src=wd
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c. Options:

1) Degree of Protection: Type 1 Type 12 .

B. Indoor Cast-Metal Junction and Pull Boxes:

1. Description: Box with a blank cover that serves the purpose of joining different runs 

of raceway or cable.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Appleton - EGS; Emerson Electric Co., Automation Solutions.

b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

c. Eaton (Crouse-Hinds).

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL Category Control Number BGUZ.

a) Non-Environmental Characteristics: UL 50.

b) Environmental Characteristics: UL 50E.

c. Options:

1) Degree of Protection: Type 1 Type 12 .

C. Outdoor Sheet Metal Cabinets:

1. Description: Enclosure provided with frame, mat, or trim in which swinging door or 

doors are or can be hung.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Eaton (B-line).

c. Eaton (Crouse-Hinds).

d. Erickson Electrical Equipment Company.

e. Killark; Hubbell Incorporated, Construction and Energy.

f. Milbank Manufacturing Co.

g. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

h. Robroy Industries (Robroy Enclosures).

i. Schneider Electric USA (Square D).

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL Category Control Number CYIV.

a) Non-Environmental Characteristics: UL 50.

b) Environmental Characteristics: UL 50E.

c. Options:

1) Degree of Protection: Type 3R Type 4X .

D. Outdoor Cast-Metal Junction and Pull Boxes:

http://www.specagent.com/LookUp/?ulid=14268&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=14265&mf=04&src=wd
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1. Description: Box with a blank cover that serves the purpose of joining different runs 

of raceway or cable.

2. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Appleton - EGS; Emerson Electric Co., Automation Solutions.

b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

c. Eaton (Crouse-Hinds).

3. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL Category Control Number BGUZ.

a) Non-Environmental Characteristics: UL 50.

b) Environmental Characteristics: UL 50E.

c. Options:

1) Degree of Protection: Type 3R Type 4X .

2.13 COVER PLATES FOR DEVICES BOXES

A. Metallic Cover Plates for Device Boxes:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Appleton - EGS; Emerson Electric Co., Automation Solutions.

c. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions.

d. Eaton (Crouse-Hinds).

e. Eaton (Wiring Devices - Arrow Hart).

f. Hubbell Premise Wiring; Hubbell Incorporated, Commercial and Industrial.

g. Intermatic, Inc.

h. Leviton Manufacturing Co., Inc.

i. Panduit Corp.

j. Pass & Seymour; Legrand North America, LLC.

k. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

l. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 514D and UL Category Control Numbers QCIT 

and QCMZ.

2) Wallplate-Securing Screws: Metal with head color to match wallplate 

finish.

c. Options:

1) Damp and Wet Locations: Listed, labeled, and marked for location and 

use. Provide gaskets and accessories necessary for compliance with 

listing.

http://www.specagent.com/LookUp/?ulid=14271&mf=04&src=wd
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2) Wallplate Material: 0.032 inch thick Type 302/304 non-magnetic 

stainless steel with brushed finish .

2.14 HOODS FOR OUTLET BOXES

A. Extra-Duty, While-in-Use Hoods for Outlet Boxes:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. ABB (Electrification Products Division).

b. Appleton - EGS; Emerson Electric Co., Automation Solutions.

c. Eaton (Wiring Devices - Arrow Hart).

d. Leviton Manufacturing Co., Inc.

e. Raco Taymac Bell; Hubbell Incorporated, Commercial and Industrial.

2. Applicable Standards:

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use.

b. General Characteristics:

1) Reference Standards: UL 514D and UL Category Control Numbers QCIT 

and QCMZ.

2) Marked "Extra-Duty" in accordance with UL 514D.

3) Receptacle, hood, cover plate, gaskets, and seals comply with UL 498 

Supplement SA when mated with box or enclosure complying with 

UL 514A, UL 514C, or UL 50E.

4) Mounts to box using fasteners different from wiring device.

c. Options:

1) Manufacturer may combine nonmetallic device box with hood as extra-

duty rated assembly.

PART 3 - EXECUTION

3.1 SELECTION OF RACEWAYS

A. Unless more stringent requirements are specified in Contract Documents or 

manufacturers' written instructions, comply with NFPA 70 for selection of raceways. 

Consult Architect for resolution of conflicting requirements.

B. Outdoors:

1. Exposed Conduit: ERMC .

2. Direct-Buried Conduit: PVC-80 .

3. Concrete-Encased Conduit in Trench: PVC-80 .

4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.

C. Indoors:

http://www.specagent.com/LookUp/?ulid=14279&mf=04&src=wd
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1. Exposed and Subject to Physical Damage: ERMC . Raceway locations include the 

following:

a. Exterior of pump station

2. Exposed, Not Subject to Physical Damage: IMC .

3. Damp or Wet Locations: IMC.

4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC .

D. Stub-ups to Above Recessed Ceilings: Provide EMT, IMC, or ERMC for raceways.

E. Raceway Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines.

1. ERMC and IMC: Provide threaded type fittings unless otherwise indicated.

3.2 SELECTION OF BOXES AND ENCLOSURES

A. Unless more stringent requirements are specified in Contract Documents or 

manufacturers' written instructions, comply with NFPA 70 for selection of boxes and 

enclosures. Consult Architect for resolution of conflicting requirements.

B. Degree of Protection:

1. Outdoors:

a.  Type 3R unless otherwise indicated.

b. Locations Exposed to Hosedown: Type 6P.

c. Locations Subject to Potential Flooding: Type 6P.

d. Locations Aboveground Where Mechanism Must Operate When Ice Covered: 

Type 3S.

e. Locations in-Ground or Exposed to Corrosive Agents: Type 4X .

f. Locations in-Ground or Exposed to Corrosive Agents Where Mechanism Must 

Operate When Ice Covered: Type 3SX.

2. Indoors:

a. Type 1 unless otherwise indicated.

b. Damp or Dusty Locations: Type 12 .

C. Exposed Boxes Installed Less Than 6.5 ft. Above Floor:

1.  Provide cast-metal boxes. Boxes with knockouts or unprotected openings are 

prohibited.

2. Provide exposed cover. Flat covers with angled mounting slots or knockouts are 

prohibited.

3.3 INSTALLATION OF RACEWAYS

A. Installation Standards:

1. Unless more stringent requirements are specified in Contract Documents or 

manufacturers' written instructions, comply with NFPA 70 for installation of 

raceways. Consult Architect for resolution of conflicting requirements.
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2. Comply with NFPA 70 limitations for types of raceways allowed in specific 

occupancies and number of floors.

3. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 

Systems" for hangers and supports.

4. Comply with NECA NEIS 101 for installation of steel raceways.

5. Comply with NECA NEIS 102 for installation of aluminum raceways.

6. Comply with NECA NEIS 111 for installation of nonmetallic raceways.

7. Install raceways square to the enclosure and terminate at enclosures without hubs 

with locknuts on both sides of enclosure wall. Install locknuts hand tight, plus one-

quarter turn more.

8. Terminate threaded conduits into threaded hubs or with locknuts on inside and 

outside of boxes or cabinets. Install bushings on conduits up to 1-1/4 inch trade size 

and insulated throat metal bushings on 1-1/2 inch trade size and larger conduits 

terminated with locknuts.  Install insulated throat metal grounding bushings on 

service conduits.

9. Raceway Terminations at Locations Subject to Moisture or Vibration:

a. Provide insulating bushings to protect conductors, including conductors 

smaller than No. 4 AWG.  Install insulated throat metal grounding bushings on 

service conduits.

B. General Requirements for Installation of Raceways:

1. Complete raceway installation before starting conductor installation.

2. Provide stub-ups through floors with coupling threaded inside for plugs, set flush 

with finished floor. Plug coupling until conduit is extended above floor to final 

destination or a minimum of 2 ft. above finished floor.

3. Install no more than equivalent of three 90-degree bends in conduit run  except for 

control wiring conduits, for which no more than equivalent of two 90-degree fewer 

bends are permitted. Support within 12 inch of changes in direction.

4. Make bends in raceway using large-radius preformed ells except for parallel bends. 

Field bending must be in accordance with NFPA 70 minimum radii requirements. 

Provide only equipment specifically designed for material and size involved.

5. Conceal conduit within finished walls, ceilings, and floors unless otherwise 

indicated. Install conduits parallel or perpendicular to building lines.

6. Support conduit within 12 inch of enclosures to which attached.

7. Do not install conduits within 2 inch of the bottom side of a metal deck roof.

8. Cut conduit perpendicular to the length. For conduits 2 inch trade size and larger, 

use roll cutter or a guide to make cut straight and perpendicular to the length. Ream 

inside of conduit to remove burrs.

9. Install pull wires in empty raceways. Provide polypropylene or monofilament plastic 

line with not less than 200 lb tensile strength. Leave at least 12 inch of slack at both 

ends of pull wire. Cap underground raceways designated as spare above grade 

alongside raceways in use.

C. Requirements for Installation of Specific Raceway Types:

1. Types EMT-A, ERMC-A, and FMC-A:
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a. Do not install aluminum raceways or fittings in contact with concrete or 

earth.

2. Types ERMC and IMC:

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor 

Conditions: Apply listed compound that maintains electrical conductivity to 

threads of raceway and fittings before making up joints. Follow compound 

manufacturer's written instructions.

3. Type ERMC-S-PVC:

a. Follow manufacturer's installation instructions for clamping, cutting, 

threading, bending, and assembly.

b. Provide PVC-coated sealing locknut for exposed male threads transitioning 

into female NPT threads that do not have sealing sleeves, including 

transitions from PVC couplings/female adapters to Type ERMC-S-PVC elbows 

in direct-burial applications. PVC-coated sealing locknuts must not be used in 

place of conduit hub. PVC-coated sealing locknut must cover exposed threads 

on Type ERMC-S-PVC raceway.

c. Coat field-cut threads on PVC-coated raceway with manufacturer-approved 

corrosion-preventing conductive compound prior to assembly.

4. Types FMC and LFMC:

a. Comply with NEMA RV 3. Provide a maximum of 36 inch of flexible conduit for 

equipment subject to vibration, noise transmission, or movement; and for 

transformers and motors.

5. Type PVC:

a. Do not install Type PVC conduit where ambient temperature exceeds 

122 deg F . Conductor ratings must be limited to 75 deg C except where 

installed in a trench outside buildings with concrete encasement, where 

90 deg C conductors are permitted.

b. Comply with manufacturer's written instructions for solvent welding and 

fittings.

D. Raceways Embedded in Slabs:

1. Conduits shall not be embedded in slabs.

E. Raceway Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines.

1. ERMC-S-PVC: Provide only fittings listed for use with this type of conduit. Patch and 

seal joints, nicks, and scrapes in PVC coating after installing conduits and fittings. 

Provide sealant recommended by fitting manufacturer and apply in thickness and 

number of coats recommended by manufacturer.

2. EMT: Provide compression , steel fittings. Comply with NEMA FB 2.10.

3. Flexible Conduit: Provide only fittings listed for use with flexible conduit type. 

Comply with NEMA FB 2.20.

F. Expansion-Joint Fittings:

1. Install in runs of aboveground PVC that are located where environmental 

temperature change may exceed 30 deg F and that have straight-run length that 

exceeds 25 ft.. Install in runs of aboveground ERMC  and EMT conduit that are 
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located where environmental temperature change may exceed 100 deg F and that 

have straight-run length that exceeds 100 ft..

2. Install type and quantity of fittings that accommodate temperature change listed for 

the following locations:

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature 

change.

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change.

c. Indoor Spaces Connected with Outdoors without Physical Separation: 

125 deg F temperature change.

d. Attics: 135 deg F temperature change.

e. .

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per 

foot of length of straight run per deg F of temperature change for PVC conduits. 

Install fitting(s) that provide expansion and contraction for at least 0.000078 inch 

per foot of length of straight run per deg F of temperature change for metal 

conduits.

4. Install expansion fittings at locations where conduits cross building or structure 

expansion joints.

5. Install expansion-joint fitting with position, mounting, and piston setting selected in 

accordance with manufacturer's written instructions for conditions at specific 

location at time of installation. Install conduit supports to allow for expansion 

movement.

3.4 INSTALLATION OF SURFACE RACEWAYS

A. Install surface raceways only where indicated on Drawings.

B. Install surface raceway with a minimum 2 inch radius control at bend points.

C. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inch and with no less than two supports per straight raceway section. 

Support surface raceway in accordance with manufacturer's written instructions. Tape and 

glue are unacceptable support methods.

3.5 INSTALLATION OF BOXES AND ENCLOSURES

A. Provide boxes in wiring and raceway systems wherever required for pulling of wires, 

making connections, and mounting of devices or fixtures.

B. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 

individually indicated, give priority to ADA requirements. Install boxes with height 

measured to center of box unless otherwise indicated.

C. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry 

block, and install box flush with surface of wall. Prepare block surfaces to provide a flat 

surface for a raintight connection between box and cover plate or supported equipment 

and box, whether installed indoors or outdoors.
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D. Horizontally separate boxes mounted on opposite sides of walls so they are not in the 

same vertical channel.

E. Locate boxes so that cover or plate will not span different building finishes.

F. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid.

G. Support boxes of three gangs or more from more than one side by spanning two framing 

members or mounting on brackets specifically designed for purpose.

H. Fasten junction and pull boxes to, or support from, building structure. Do not support 

boxes by conduits.

I. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth.

J. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove 

coatings in the locknut area prior to assembling conduit to enclosure to ensure a 

continuous ground path.

K. Boxes and Enclosures in Areas or Walls with Acoustical Requirements:

1. Seal openings and knockouts in back and sides of boxes and enclosures with 

acoustically rated putty.

2. Provide gaskets for wallplates and covers.

3.6 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 

manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 

recommended by manufacturer.

3.7 CLEANING

A. Boxes: Remove construction dust and debris from device boxes, outlet boxes, and floor-

mounted enclosures before installing wallplates, covers, and hoods.

END OF SECTION 260533
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Color and legend requirements for raceways, conductors, and warning labels and 

signs.

2. Labels.

3. Bands and tubes.

4. Tags.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Delegated-Design Submittal: For arc-flash hazard study.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Comply with NFPA 70.

B. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

C. Comply with ANSI Z535.4 for safety signs and labels.

D. Comply with NFPA 70E and Section 260573.19 "Arc-Flash Hazard Analysis" requirements 

for arc-flash warning labels.

E. Thermal Movements: Allow for thermal movements from ambient and surface 

temperature changes.

1. Temperature Change: 120 deg F , ambient; 180 deg F , material surfaces .

2.2 COLOR AND LEGEND REQUIREMENTS

A. Raceways and Cables Carrying Circuits at 600 V or Less:
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1.  Black letters on an orange field .

2. Legend: Indicate voltage  and system or service type.

B. Color-Coding for Phase-  and Voltage-Level Identification, 600 V or Less: Use colors listed 

below for ungrounded service feeder and branch-circuit conductors.

1. Color shall be factory applied.

2. Colors for 208/120-V Circuits:

a. Phase A: Black.

b. Phase B: Red.

c. Phase C: Blue.

d. Neutral: White.

3. Colors for 240-V Circuits:

a. Phase A: Black.

b. Phase B: Red.

c. Neutral: White.

4. Colors for 480/277-V Circuits:

a. Phase A: Brown.

b. Phase B: Orange.

c. Phase C: Yellow.

5. Color for Neutral: gray.

6. Color for Equipment Grounds: Green .

7. Colors for Isolated Grounds: Green two or more yellow stripes.

C. Warning Label Colors:

1. Identify system voltage with black letters on an orange background.

D. Warning labels and signs shall include, but are not limited to, the following legends:

1. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT 

OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."

E. Equipment Identification Labels:

1. Black letters on a white field.

2.3 LABELS

A. Self-Adhesive Wraparound Labels: Preprinted , 3-mil- thick, flexible label with acrylic 

pressure-sensitive adhesive.

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Brady Corporation.

b. Brother International Corporation.

2. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, 

protective shield over the legend. Labels sized such that the clear shield overlaps the 

entire printed legend.

http://www.specagent.com/LookUp/?ulid=11479&mf=04&src=wd
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3. Marker for Labels: Machine-printed, permanent, waterproof, black ink 

recommended by printer manufacturer.

2.4 BANDS AND TUBES

A. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed 

identification labels, sized to suit diameters of and shrunk to fit firmly around item being 

identified. Full shrink recovery occurs at a maximum of 200 deg F. Comply with UL 224.

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Brady Corporation.

b. Panduit Corp.

2.5 MISCELLANEOUS IDENTIFICATION PRODUCTS

A. Paint: Comply with requirements in painting Sections for paint materials and application 

requirements. Retain paint system applicable for surface material and location (exterior or 

interior).

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel 

machine screws with nuts and flat and lock washers.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Verify and coordinate identification names, abbreviations, colors, and other features with 

requirements in other Sections requiring identification applications, Drawings, Shop 

Drawings, manufacturer's wiring diagrams, and operation and maintenance manual. Use 

consistent designations throughout Project.

B. Install identifying devices before installing acoustical ceilings and similar concealment.

C. Verify identity of each item before installing identification products.

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and 

operation and maintenance manual.

E. Apply identification devices to surfaces that require finish after completing finish work.

F. Install signs with approved legend to facilitate proper identification, operation, and 

maintenance of electrical systems and connected items.

G. Self-Adhesive Identification Products: Before applying electrical identification products, 

clean substrates of substances that could impair bond, using materials and methods 

recommended by manufacturer of identification product.

http://www.specagent.com/LookUp/?ulid=11475&mf=04&src=wd
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H. System Identification for Raceways and Cables under 600 V: Identification shall completely 

encircle cable or conduit. Place identification of two-color markings in contact, side by 

side.

1. Secure tight to surface of conductor, cable, or raceway.

I. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 

viewing from the floor.

J. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the 

following systems with the wiring system legend and system voltage. System legends shall 

be as follows:

1. "EMERGENCY POWER."

2. "POWER."

3. "UPS."

K. Self-Adhesive Wraparound Labels: Secure tight to surface of raceway or cable at a location 

with high visibility and accessibility.

L. Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility and 

accessibility.

3.2 IDENTIFICATION SCHEDULE

A. Install identification materials and devices at locations for most convenient viewing 

without interference with operation and maintenance of equipment. Install access doors 

or panels to provide view of identifying devices.

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull 

points, and locations of high visibility. Identify by system and circuit designation.

C. Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each 

junction and pull box of the following systems with self-adhesive labels containing the 

wiring system legend and system voltage. System legends shall be as follows:

1. "EMERGENCY POWER."

2. "POWER."

3. "UPS."

D. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use self-adhesive wraparound labels to identify 

the phase.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 

50-foot maximum intervals in straight runs, and at 25-foot maximum intervals in 

congested areas.
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E. Control-Circuit Conductor Identification: For conductors and cables in pull and junction 

boxes, manholes, and handholes, use self-adhesive wraparound labelswith the conductor 

or cable designation, origin, and destination.

F. Control-Circuit Conductor Termination Identification: For identification at terminations, 

provide heat-shrink preprinted tubes self-adhesive wraparound labels with the conductor 

designation.

G. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: .

1. Apply to exterior of door, cover, or other access.

2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following:

a. Power-transfer switches.

b. Controls with external control power connections.

H. Equipment Identification Labels:

1. Indoor Equipment: Laminated acrylic or melamine plastic sign.

2. Outdoor Equipment: Laminated acrylic or melamine sign .

END OF SECTION 260553
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SECTION 260573.13 - SHORT-CIRCUIT STUDIES

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes a computer-based, fault-current study to determine the minimum 

interrupting capacity of circuit protective devices.

1.2 ACTION SUBMITTALS

A. Product Data:

1. For computer software program to be used for studies.

2. Submit the following after the approval of system protective devices submittals. 

Submittals shall be in digital form and include model used.

a. Short-circuit study input data, including completed computer program input 

data sheets.

b. Short-circuit study and equipment evaluation report; signed, dated, and 

sealed by a qualified professional engineer.

1) Submit study report for action prior to receiving final approval of 

distribution equipment submittals. If formal completion of studies will 

cause delay in equipment manufacturing, obtain approval from 

Architect for preliminary submittal of sufficient study data to ensure 

that selection of devices and associated characteristics is satisfactory.

2) Revised one-line diagram, reflecting field investigation results and 

results of short-circuit study.

1.3 INFORMATIONAL SUBMITTALS

A. Product Certificates: For short-circuit study software, certifying compliance with IEEE 399.

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 QUALITY ASSURANCE

A. Study shall be performed using commercially developed and distributed software designed 

specifically for power system analysis.

B. Software algorithms shall comply with requirements of standards and guides specified in 

this Section.

C. Manual calculations are unacceptable.

1. Power System Analysis Software Qualifications: Computer program shall be 

designed to perform short-circuit studies or have a function, component, or add-on 

module designed to perform short-circuit studies.
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2. Computer program shall be developed under the charge of a licensed professional 

engineer who holds IEEE Computer Society's Certified Software Development 

Professional certification.

D. Short-Circuit Study Certification: Short-Circuit Study Report shall be signed and sealed by 

Power Systems Analysis Specialist.

PART 2 - PRODUCTS

2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS

A. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following:

1. SKM Systems Analysis, Inc.

B. Comply with IEEE 399 and IEEE 551.

1. Analytical features of power systems analysis software program shall have capability 

to calculate "mandatory" features as listed in IEEE 399.

C. Computer software program shall be capable of plotting and diagramming time-current-

characteristic curves as part of its output.

2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS

A. Executive summary of study findings.

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of 

terms, and guide for interpretation of results.

C. One-line diagram of modeled power system, showing the following:

1. Protective device designations and ampere ratings.

2. Conductor types, sizes, and lengths.

3. Transformer kilovolt ampere (kVA) and voltage ratings.

4. Motor and generator designations and kVA ratings.

5. Switchgear, switchboard, motor-control center, and panelboard designations and 

ratings.

6. Derating factors and environmental conditions.

7. Any revisions to electrical equipment required by the study.

D. Comments and recommendations for system improvements or revisions in a written 

document, separate from one-line diagram.

E. Protective Device Evaluation:

http://www.specagent.com/LookUp/?ulid=1919&mf=04&src=wd
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1. Evaluate equipment and protective devices and compare to available short-circuit 

currents. Verify that equipment withstand ratings exceed available short-circuit 

current at equipment installation locations.

2. Tabulations of circuit breaker, fuse, and other protective device ratings versus 

calculated short-circuit duties.

3. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal 

to or higher than calculated 1/2-cycle symmetrical fault current.

4. For devices and equipment rated for asymmetrical fault current, apply 

multiplication factors listed in standards to 1/2-cycle symmetrical fault current.

F. Short-Circuit Study Input Data:

1. One-line diagram of system being studied.

2. Power sources available.

3. Manufacturer, model, and interrupting rating of protective devices.

4. Conductors.

5. Transformer data.

G. Short-Circuit Study Output Reports:

1. Low-Voltage Fault Report: Three-phase fault calculations, showing the following for 

each overcurrent device location:

a. Voltage.

b. Calculated fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. Equivalent impedance.

PART 3 - EXECUTION

3.1 POWER SYSTEM DATA

A. Obtain all data necessary for conduct of the study.

B. Gather and tabulate the required input data to support the short-circuit study. Comply 

with requirements in Section 017839 "Project Record Documents" for recording circuit 

protective device characteristics. Record data on a Record Document copy of one-line 

diagram. Comply with recommendations in IEEE 551 as to the amount of detail that is 

required to be acquired in the field. Field data gathering shall be under direct supervision 

and control of the engineer in charge of performing the study, and shall be by the engineer 

or its representative who holds NETA ETT-Certified Technician Level III or NICET Electrical 

Power Testing Level III certification.

3.2 SHORT-CIRCUIT STUDY

A. Perform study following the general study procedures contained in IEEE 399 and IEEE 

1584-2018.

B. Calculate short-circuit currents according to IEEE 551.
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C. Base study on device characteristics supplied by device manufacturer.

D. Extent of electrical power system to be studied is indicated on Drawings.

E. Begin short-circuit current analysis at the service, extending down to system overcurrent 

protective devices as follows:

1. To normal system low-voltage load buses where fault current is 10 kA or less.

2. Exclude equipment rated 240 V ac or less when supplied by a single transformer 

rated less than 15 kVA.

F. Study electrical distribution system from normal and alternate power sources throughout 

electrical distribution system for Project. Study all cases of system-switching configurations 

and alternate operations that could result in maximum fault conditions.

G. Include the ac fault-current decay from induction motors, synchronous motors, and 

asynchronous generators and apply to low- and medium-voltage, three-phase ac systems. 

Also account for the fault-current dc decrement to address asymmetrical requirements of 

interrupting equipment.

H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault 

and a single line-to-ground fault at each equipment indicated on one-line diagram.

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas 

as defined for the three-phase bolted fault short-circuit study.

I. Include in the report identification of any protective device applied outside its capacity.

END OF SECTION 260573.13
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SECTION 260573.16 - COORDINATION STUDIES

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes computer-based, overcurrent protective device coordination studies to 

determine overcurrent protective devices and to determine overcurrent protective device 

settings for selective tripping.

1.2 ACTION SUBMITTALS

A. Product Data:

1. For computer software program to be used for studies.

2. Submit the following after the approval of system protective devices submittals. 

Submittals shall be in digital form and include model used for analysis.

a. Coordination-study input data, including completed computer program input 

data sheets.

b. Study and equipment evaluation reports.

3. Overcurrent protective device coordination study report; signed, dated, and sealed 

by a qualified professional engineer.

a. Submit study report for action prior to receiving final approval of distribution 

equipment submittals. If formal completion of studies will cause delay in 

equipment manufacturing, obtain approval from Architect for preliminary 

submittal of sufficient study data to ensure that selection of devices and 

associated characteristics is satisfactory.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data:

1. For Power System Analysis Software Developer.

2. For Power Systems Analysis Specialist.

3. For Field Adjusting Agency.

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 QUALITY ASSURANCE

A. Studies shall be performed using commercially developed and distributed software 

designed specifically for power system analysis.

B. Software algorithms shall comply with requirements of standards and guides specified in 

this Section.

C. Manual calculations are unacceptable.
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D. Power System Analysis Software Qualifications:

1. Computer program shall be designed to perform coordination studies or have a 

function, component, or add-on module designed to perform coordination studies.

2. Computer program shall be developed under the charge of a licensed professional 

engineer who holds IEEE Computer Society's Certified Software Development 

Professional certification.

E. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the 

state where Project is located. All elements of the study shall be performed under the 

direct supervision and control of this professional engineer.

F. Field Adjusting Agency Qualifications:

1. Employer of a NETA ETT-Certified Technician Level III responsible for all field 

adjusting of the Work.

2. A member company of NETA.

3. Acceptable to authorities having jurisdiction.

PART 2 - PRODUCTS

2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS

A. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following:

1. SKM Systems Analysis, Inc.

B. Comply with IEEE 242 and IEEE 399.

C. Analytical features of device coordination study computer software program shall have the 

capability to calculate "mandatory" features as listed in IEEE 399.

D. Computer software program shall be capable of plotting and diagramming time-current-

characteristic curves as part of its output. Computer software program shall report device 

settings and ratings of all overcurrent protective devices and shall demonstrate selective 

coordination by computer-generated, time-current coordination plots.

2.2 COORDINATION STUDY REPORT CONTENTS

A. Executive summary of study findings.

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of 

terms, and guide for interpretation of results.

C. One-line diagram of modeled power system, showing the following:

1. Protective device designations and ampere ratings.

2. Conductor types, sizes, and lengths.

http://www.specagent.com/LookUp/?ulid=1919&mf=04&src=wd
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3. Transformer kilovolt ampere (kVA) and voltage ratings.

4. Motor and generator designations and kVA ratings.

5. Switchgear, switchboard, motor-control center, and panelboard designations.

6. Any revisions to electrical equipment required by the study.

7. Study Input Data: As described in "Power System Data" Article.

a. Short-Circuit Study Output: As specified in "Short-Circuit Study Output 

Reports" Paragraph in "Short-Circuit Study Report Contents" Article in 

Section 260573.13 "Short-Circuit Studies."

D. Protective Device Coordination Study:

1. Report recommended settings of protective devices, ready to be applied in the field. 

Use manufacturer's data sheets for recording the recommended setting of 

overcurrent protective devices when available.

a. Phase and Ground Relays:

1) Device tag.

2) Relay current transformer ratio and tap, time dial, and instantaneous 

pickup value.

3) Recommendations on improved relaying systems, if applicable.

b. Circuit Breakers:

1) Adjustable pickups and time delays (long time, short time, and ground).

2) Adjustable time-current characteristic.

3) Adjustable instantaneous pickup.

4) Recommendations on improved trip systems, if applicable.

c. Fuses: Show current rating, voltage, and class.

E. Time-Current Coordination Curves: Determine settings of overcurrent protective devices 

to achieve selective coordination. Graphically illustrate that adequate time separation 

exists between devices installed in series, including power utility company's upstream 

devices. Prepare separate sets of curves for the switching schemes and for emergency 

periods where the power source is local generation. Show the following information:

1. Device tag and title, one-line diagram with legend identifying the portion of the 

system covered.

2. Terminate device characteristic curves at a point reflecting maximum symmetrical 

or asymmetrical fault current to which the device is exposed.

3. Identify the device associated with each curve by manufacturer type, function, and, 

if applicable, tap, time delay, and instantaneous settings recommended.

4. Plot the following listed characteristic curves, as applicable:

a. Power utility's overcurrent protective device.

b. Low-voltage fuses including manufacturer's minimum melt, total clearing, 

tolerance, and damage bands.

c. Low-voltage equipment circuit-breaker trip devices, including manufacturer's 

tolerance bands.

d. Transformer full-load current, magnetizing inrush current, and ANSI through-

fault protection curves.

e. Ground-fault protective devices.

f. The largest feeder circuit breaker in each motor-control center and 

panelboard.
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5. Maintain selectivity for tripping currents caused by overloads.

6. Provide adequate time margins between device characteristics such that selective 

operation is achieved.

7. Comments and recommendations for system improvements.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine Project overcurrent protective device submittals for compliance with electrical 

distribution system coordination requirements and other conditions affecting performance 

of the Work. Devices to be coordinated are indicated on Drawings.

1. Proceed with coordination study only after relevant equipment submittals have 

been assembled. Overcurrent protective devices that have not been submitted and 

approved prior to coordination study may not be used in study.

3.2 POWER SYSTEM DATA

A. Obtain all data necessary for conduct of the overcurrent protective device study.

1. Verify completeness of data supplied in one-line diagram on Drawings. Call any 

discrepancies to Architect's attention.

2. For equipment included as Work of this Project, use characteristics submitted under 

provisions of action submittals and information submittals for this Project.

B. Gather and tabulate all required input data to support the coordination study. List below is 

a guide. Comply with recommendations in IEEE 551 for the amount of detail required to be 

acquired in the field. Field data gathering shall be under direct supervision and control of 

the engineer in charge of performing the study, and shall be by the engineer or its 

representative who holds NETA ETT-Certified Technician Level III or NICET Electrical Power 

Testing Level III certification.

3.3 COORDINATION STUDY

A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination 

time intervals.

B. Comply with IEEE 399 for general study procedures.

C. Base study on device characteristics supplied by device manufacturer.

D. Begin analysis at the service, extending down to system overcurrent protective devices as 

follows:

1. To normal system low-voltage load buses where fault current is 10 kA or less.

2. Exclude equipment rated 240 V ac or less when supplied by a single transformer 

rated less than 15 kVA.
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E. Study electrical distribution system from normal and alternate power sources throughout 

electrical distribution system for Project. Study all cases of system-switching configurations 

and alternate operations that could result in maximum fault conditions.

F. Transformer Primary Overcurrent Protective Devices:

1. Device shall not operate in response to the following:

a. Inrush current when first energized.

b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever 

is specified for that transformer.

c. Permissible transformer overloads according to IEEE C57.96 if required by 

unusual loading or emergency conditions.

2. Device settings shall protect transformers according to IEEE C57.12.00, for fault 

currents.

G. Motor Protection:

1. Select protection for low-voltage motors according to IEEE 242 and NFPA 70.

2. Select protection for motors served at voltages more than 600 V according to 

IEEE 620.

H. Conductor Protection: Protect cables against damage from fault currents according to 

ICEA P-32-382, ICEA P-45-482, and protection recommendations in IEEE 242. Demonstrate 

that equipment withstands the maximum short-circuit current for a time equivalent to the 

tripping time of the primary relay protection or total clearing time of the fuse. To 

determine temperatures that damage insulation, use curves from cable manufacturers or 

from listed standards indicating conductor size and short-circuit current.

I. Include the ac fault-current decay from induction motors and apply to low- and medium-

voltage, three-phase ac systems. Also account for fault-current dc decrement, to address 

asymmetrical requirements of interrupting equipment.

J. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault 

and a single line-to-ground fault at each equipment indicated on one-line diagram.

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas 

as defined for the three-phase bolted fault short-circuit study.

K. Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to short-circuit ratings.

2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to 

withstand short-circuit stresses.

3. Include in the report identification of any protective device applied outside its 

capacity.

3.4 LOAD-FLOW AND VOLTAGE-DROP STUDY

A. Perform a load-flow and voltage-drop study to determine the steady-state loading profile 

of the system. Analyze power system performance two times as follows:
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1. Determine load flow and voltage drop based on full-load currents obtained in 

"Power System Data" Article.

2. Determine load flow and voltage drop based on 80 percent of the design capacity of 

load buses.

3. Prepare load-flow and voltage-drop analysis and report to show power system 

components that are overloaded, or might become overloaded; show bus voltages 

that are less than as prescribed by NFPA 70.

3.5 FIELD ADJUSTING

A. Adjust relay and protective device settings according to recommended settings provided 

by the coordination study. Field adjustments shall be completed by the engineering service 

division of equipment manufacturer under the "Startup and Acceptance Testing" contract 

portion.

B. Make minor modifications to equipment as required to accomplish compliance with short-

circuit and protective device coordination studies.

C. Testing and adjusting shall be by a full-time employee of the Field Adjusting Agency, who 

holds NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III 

certification.

1. Perform each visual and mechanical inspection and electrical test stated in 

NETA ATS. Certify compliance with test parameters. Perform NETA tests and 

inspections for all adjustable overcurrent protective devices.

END OF SECTION 260573.16
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SECTION 260573.19 - ARC-FLASH HAZARD ANALYSIS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard 

distance and the incident energy to which personnel could be exposed during work on or 

near electrical equipment.

1.2 ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.

B. Study Submittals: Submit the following submittals after the approval of system protective 

devices submittals. Submittals shall be in digital form:

1. Arc-flash study input data, including completed computer program input data 

sheets.

2. Arc-flash study report; signed, dated, and sealed by Power Systems Analysis 

Specialist.

3. Submit study report for action prior to receiving final approval of distribution 

equipment submittals. If formal completion of studies will cause delay in equipment 

manufacturing, obtain approval from Architect for preliminary submittal of 

sufficient study data to ensure that selection of devices and associated 

characteristics is satisfactory.

C. Model Submittal: Model used to complete analysis to be submitted along with report 

including all necessary files, libraries, etc. to repeat study.

1.3 INFORMATIONAL SUBMITTALS

A. Product Certificates: For arc-flash hazard analysis software, certifying compliance with 

IEEE 1584 and NFPA 70E.

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 QUALITY ASSURANCE

A. Study shall be performed using commercially developed and distributed software designed 

specifically for power system analysis.

B. Software algorithms shall comply with requirements of standards and guides specified in 

this Section.

C. Manual calculations are unacceptable.
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D. Power System Analysis Software Qualifications: An entity that owns and markets computer 

software used for studies, having performed successful studies of similar magnitude on 

electrical distribution systems using similar devices.

1. Computer program shall be designed to perform arc-flash analysis or have a 

function, component, or add-on module designed to perform arc-flash analysis.

2. Computer program shall be developed under the charge of a licensed professional 

engineer who holds IEEE Computer Society's Certified Software Development 

Professional certification.

E. Arc-Flash Study Certification: Arc-Flash Study Report shall be signed and sealed by Power 

Systems Analysis Specialist.

PART 2 - PRODUCTS

2.1 COMPUTER SOFTWARE DEVELOPERS

A. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following:

1. SKM Systems Analysis, Inc.

B. Comply with IEEE 1584 and NFPA 70E.

C. Analytical features of device coordination study computer software program shall have the 

capability to calculate "mandatory" features as listed in IEEE 399.

2.2 ARC-FLASH STUDY REPORT CONTENT

A. Executive summary of study findings.

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of 

terms, and guide for interpretation of results.

C. One-line diagram, showing the following:

1. Protective device designations and ampere ratings.

2. Conductor types, sizes, and lengths.

3. Transformer kilovolt ampere (kVA) and voltage ratings, including derating factors 

and environmental conditions.

4. Motor and generator designations and kVA ratings.

5. Switchgear, switchboard, motor-control center, panelboard designations, and 

ratings.

D. Study Input Data: As described in "Power System Data" Article.

E. Short-Circuit Study Output Data: As specified in "Short-Circuit Study Output Reports" 

Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-

Circuit Studies."

http://www.specagent.com/LookUp/?ulid=1919&mf=04&src=wd
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F. Protective Device Coordination Study Report Contents: As specified in "Coordination Study 

Report Contents" Article in Section 260573.16 "Coordination Studies."

G. Arc-Flash Study Output Reports:

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing 

the following for each equipment location included in the report:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. No AC Decrement (NACD) ratio.

e. Equivalent impedance.

H. Incident Energy and Flash Protection Boundary Calculations:

1. Arcing fault magnitude.

2. Protective device clearing time.

3. Duration of arc.

4. Arc-flash boundary.

5. Restricted approach boundary.

6. Limited approach boundary.

7. Working distance.

8. Incident energy.

9. Hazard risk level.

10. Recommendations for arc-flash energy reduction.

I. Fault study input data, case descriptions, and fault-current calculations including a 

definition of terms and guide for interpretation of computer printout.

2.3 ARC-FLASH WARNING LABELS

A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for 

self-adhesive equipment labels. Produce a 3.5-by-5-inch self-adhesive equipment label for 

each work location included in the analysis.

B. Label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," 

and shall include the following information taken directly from the arc-flash hazard 

analysis:

1. Location designation.

2. Nominal voltage.

3. Protection boundaries.

a. Arc-flash boundary.

b. Restricted approach boundary.

c. Limited approach boundary.

4. Arc flash PPE category.

5. Required minimum arc rating of PPE in Cal/cm squared.

6. Available incident energy.

7. Working distance.

8. Engineering report number, revision number, and issue date.
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C. Labels shall be machine printed, with no field-applied markings.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study 

only after relevant equipment submittals have been assembled. Overcurrent protective 

devices that have not been submitted and approved prior to arc-flash study may not be 

used in study.

3.2 ARC-FLASH HAZARD ANALYSIS

A. Comply with NFPA 70E and its Annex D for hazard analysis study.

B. Preparatory Studies: Perform the Short-Circuit and Protective Device Coordination studies 

prior to starting the Arc-Flash Hazard Analysis.

1. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" 

Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 

"Short-Circuit Studies."

2. Coordination Study Report Contents: As specified in "Coordination Study Report 

Contents" Article in Section 260573.16 "Coordination Studies."

C. Calculate maximum and minimum contributions of fault-current size.

1. Maximum calculation shall assume a maximum contribution from the utility and 

shall assume motors to be operating under full-load conditions.

2. Calculate arc-flash energy at 85 percent of maximum short-circuit current according 

to IEEE 1584 recommendations.

3. Calculate arc-flash energy at 38 percent of maximum short-circuit current according 

to NFPA 70E recommendations.

4. Calculate arc-flash energy with the utility contribution at a minimum and assume no 

motor contribution.

D. Calculate the arc-flash protection boundary and incident energy at locations in electrical 

distribution system where personnel could perform work on energized parts.

E. Include low-voltage equipment locations, except equipment rated 240 V ac or less fed 

from transformers less than 125 kVA.

F. Calculate the limited, restricted, and prohibited approach boundaries for each location.

G. Incident energy calculations shall consider the accumulation of energy over time when 

performing arc-flash calculations on buses with multiple sources. Iterative calculations 

shall take into account the changing current contributions, as the sources are interrupted 

or decremented with time. Fault contribution from motors and generators shall be 

decremented as follows:
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1. Fault contribution from induction motors shall not be considered beyond three to 

five cycles.

H. Arc-flash energy shall generally be reported for the maximum of line or load side of a 

circuit breaker. However, arc-flash computation shall be performed and reported for both 

line and load side of a circuit breaker as follows:

1. When the circuit breaker is in a separate enclosure.

2. When the line terminals of the circuit breaker are separate from the work location.

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap 

maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.

3.3 POWER SYSTEM DATA

A. Obtain all data necessary for conduct of the arc-flash hazard analysis.

1. Verify completeness of data supplied on one-line diagram on Drawings  and under 

"Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call 

discrepancies to Architect's attention.

2. For new equipment, use characteristics from approved submittals under provisions 

of action submittals and information submittals for this Project.

3.4 LABELING

A. Apply one arc-flash label on the front cover of each section of the equipment and on side 

or rear covers with accessible live parts and hinged doors or removable plates for each 

equipment included in the study. Base arc-flash label data on highest values calculated at 

each location.

B. Each piece of equipment listed below shall have an arc-flash label applied to it:

1. Motor-control center.

2. Low voltage transformers.

3. Panelboard and safety switch over 250 V.

4. Applicable panelboard and safety switch under 250 V.

5. Control panel.

6. .

C. Note on record Drawings the location of equipment where the personnel could be 

exposed to arc-flash hazard during their work.

1. Indicate arc-flash energy.

2. Indicate protection level required.

3.5 APPLICATION OF WARNING LABELS

A. Install arc-flash warning labels under the direct supervision and control of Power System 

Analysis Specialist.

END OF SECTION 260573.19
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SECTION 260913 - ELECTRICAL POWER MONITORING

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes equipment and systems used to monitor and control electrical 

consumption:

1. Multifunction meters.

2. Power meters.

3. Electrical power monitoring system software.

4. Wires and cables.

5. Identification.

B. Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" for additional 

abbreviations, definitions, submittals, qualifications, testing agencies, and other 

Project requirements applicable to Work specified in this Section.

2. Section 260011 "Facility Performance Requirements for Electrical" for seismic-load, 

wind-load, acoustical, and other field conditions applicable to Work specified in this 

Section.

3. Section 230923.13 "Energy Meters" for electricity meters for HVAC equipment.

4. Section 262713 "Electricity Metering" for equipment to meter electricity 

consumption and demand for tenant submetering.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: For power monitoring and control equipment.

1. Include plans, elevations, sections, and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, method of field 

assembly, components, and location and size of each field connection.

a. Attach copies of approved Product Data submittals for products (such as 

switchboards, switchgear, and motor-control centers) that describe the 

following:

1) Location of the meters and gateways, and routing of the connecting 

wiring.

2) Details of power monitoring and control features to illustrate 

coordination among related equipment and power monitoring and 

control.

3. Block Diagram: Show interconnections between components specified in this 

Section and devices furnished with power distribution system components. Indicate 

data communication paths and identify networks, data buses, data gateways, 
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concentrators, and other devices to be used. Describe characteristics of network 

and other data communication lines.

4. Include diagrams for power, signal, and control wiring.

5. Surge Suppressors: Data for each device used and where applied.

1.3 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

B. Design Data:

1. Manufacturer's system installation and setup guides, with data forms to plan and 

record options and setup decisions.

a. Project Record Drawings of as-built versions of submittal Shop Drawings 

provided in electronic PDF format on compact disk or portable storage device 

with a USB interface.

b. Testing and commissioning reports and checklists of completed final versions 

of reports, checklists, and trend logs.

c. As-built versions of submittal Product Data.

d. Names, addresses, e-mail addresses, and 24-hour telephone numbers of 

Installer and service representatives for the system and products.

e. Operator's manual with procedures for operating control systems including 

logging on and off, handling alarms, producing point reports, trending data, 

overriding computer control, and changing set points and variables.

f. Programming manuals with description of programming language and syntax, 

of statements for algorithms and calculations used, of point database 

creation and modification, of program creation and modification, and of 

editor use.

g. Engineering, installation, and maintenance manuals that explain how to do 

the following:

1) Design and install new points, panels, and other hardware.

2) Perform preventive maintenance and calibration.

3) Debug hardware problems.

4) Repair or replace hardware.

h. Documentation of programs created using custom programming language 

including set points, tuning parameters, and object database.

i. Backup copy of graphic files, programs, and database on compact disk or 

portable storage device with a USB interface.

j. Complete original-issue documentation, installation, and maintenance 

information for furnished third-party hardware including computer 

equipment and sensors.

k. Complete original-issue copies of furnished software, including operating 

systems, custom programming language, workstation software, and graphics 

software on compact disk or portable storage device with a USB interface.

l. Recommended preventive maintenance procedures for system components, 

including schedule of tasks such as inspection, cleaning, and calibration; time 

between tasks; and task descriptions.

m. Owner training materials.
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1.4 COORDINATION

A. Coordinate features of distribution equipment and power monitoring and control 

components to form an integrated interconnection of compatible components.

1. Match components and interconnections for optimum performance of specified 

functions.

B. Coordinate Work of this Section with those in Sections specifying distribution components 

that are monitored or controlled by power monitoring and control equipment.

PART 2 - PRODUCTS

2.1 SYSTEM DESCRIPTION

A. Microprocessor-based monitoring and control of electrical power distribution system(s) 

that includes the following:

1. Electrical meters that monitor, control, and connect to the data transmission 

network.

2. Include PLC based system to monitor power quality, voltage and consumption.

B. Electrical Components, Devices, and Accessories: Listed and labeled in accordance with 

UL 61010-1 and marked for intended location and application.

2.2 PERFORMANCE REQUIREMENTS

A. Surge Protection: For external wiring of each conductor entry connection to components 

to protect components from voltage surges originating external to equipment housing and 

entering through power, communication, signal, control, or sensing leads.

1. Minimum Protection for Power Lines 120 V and More: SPDs complying with 

UL 1449, listed and labeled for intended use by an NRTL acceptable to authorities 

having jurisdiction. 

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power 

Lines: Comply with requirements as recommended by manufacturer for type of line 

being protected.

2.3 POWER METERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Eaton.

2. General Electric Company (GE Power).

3. Schneider Electric USA, Inc.

4. Siemens Industry, Inc., Energy Management Division.

http://www.specagent.com/LookUp/?ulid=12446&mf=04&src=wd
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B. Description: Separately mounted, modular, permanently installed, solid-state, digital I/O 

instrument for power monitoring and control; complying with UL 61010-1.

1. Capable of metering four-wire wye, three-wire wye, three-wire delta, and single-

phase power systems.

C. Comply with IEC 60529 degree of protection code of IP51 for the front of the meter, and 

code of IP30 for the body.

D. Overvoltage: Comply with UL 61010-1 overvoltage withstand rating for CAT III.

E. Accuracy:

1. Comply with ANSI C12.20, Class 0.5.

2. Neutral Current Measurement: Not more than 0.65 percent.

3. Power: 0.6 percent.

4. Power Factor: 0.5 percent.

5. Active Energy: 0.6 percent.

6. Reactive Energy: 2.5 percent.

7. Frequency: 0.05 percent.

8. THD: 1.0 percent.

9. Waveform Sampling: 32 per cycle.

F. Data Link:

1. Provide for firmware and software updates through the communications port.

2. Communication via ethernet and coordinated with PLC.

G. Meter Physical Characteristics:

1. Display: Backlit LCD with antiglare and scratch-resistant lens.

2. Display of Metered Values: One screen to show at least four lines of user-selected 

values on one screen at the same time. Provide graphical representation of user-

selected values. The screen selections available at the display must include the 

following:

a. Meters, including those listed under the following:

1) Measurements.

2) THD.

3) Energy.

4) Demand.

5) Minimum and maximum values.

6) Power demand.

H. Sampling Rate: Continuously sample and record voltage and current at a rate not less than 

32 samples per cycle , simultaneously on voltage and current channels of the meter.

I. Meters:

1. Measurements: Instantaneous, in real time, RMS to the 15th harmonic.
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a. Voltage: L-L each phase, L-N each phase, and three-phase average.

b. Current: Each phase, three-phase average, and neutral.

c. Unbalanced current, L-L V(ac) and L-N V(ac).

d. Active Power (+/- kW): Each phase and three-phase total.

e. Reactive Power (+/- kVAR): Each phase and three-phase total.

f. Apparent Power (+/- kVA): Each phase and three-phase total.

g. Displacement Power Factor: Each phase and three-phase total.

h. Distortion Power Factor: Each phase and three-phase total.

i. Frequency.

2. THD from measurements simultaneously from the same cycle, through 15th 

harmonic.

a. Voltage THD: L-L each phase, L-N each phase, and three-phase average.

b. Current THD: Each phase and three-phase average.

c. Total demand distortion.

3. Energy: Accumulated, indicate whether in-flow or out-flow, net and absolute values. 

Store the values in instrument's nonvolatile memory.

a. Active kWh.

b. Reactive kVARh.

c. Apparent kVAh.

4. Demand: Present, last, predicted, peak.

a. Three-phase average current.

b. Three-phase total active power (kW).

c. Reactive power (kVAR).

d. Apparent power (kVA).

5. Minimum and Maximum Values:

a. L-L and L-N voltages.

b. Current in each phase.

c. Power factor.

d. Active power total.

e. Reactive power total.

f. Apparent power total.

g. THD L-L and L-N voltages.

h. THD current in each phase.

i. Frequency.

J. Power Demand, User Selectable:

1. Thermal Demand: Sliding window updated every second for the present demand 

and at end of the interval for the last interval. Adjustable window that can be set in 

1-minute intervals, from 1 to 60 minutes.

2. Block Interval with Optional Subintervals: Adjustable for 1-minute intervals, from 

1 to 60 minutes. User-defined parameters for the following block intervals:

a. Sliding block that calculates demand every second, with intervals less than 15 

minutes, and every 15 seconds with an interval between 15 and 60 minutes.

b. Fixed block that calculates demand at end of the interval.

c. Rolling block subinterval that calculates demand at end of each subinterval 

and displays it at end of the interval.
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K. Data Recording: Store the listed values in instrument's nonvolatile memory, indicate which 

of the three phases relates to the value. Attach a date and time stamp to the peak values 

and the alarms.

1. Minimum and maximum of real-time RMS measurement.

2. Energy.

3. Demand values.

4. Alarms, store the last 40 events.

L. Alarms: Transmit a digital output and show on display when alarmed. Provide for no fewer 

than 15 metered items. Each alarm must be user configured, by using the following 

options:

1. Date and time stamp.

2. Enable-disable (default) or enable.

3. Pickup magnitude.

4. Pickup time delay.

5. Dropout magnitude.

6. Dropout time delay.

7. Alarm type.

8. Alarm label.

M. Output Signals: Provide two mechanical relays, rated not less than 250 V(ac), 2 A resistive, 

and rated for 200-k cycles or more. The relays must be user configurable in one of the 

following listed modes:

1. Normal contact closure where the contacts change state for as long as the signal 

exists.

2. Latched mode when the contacts change state when a pickup signal is received and 

are held until a dropout signal is received.

3. Timed mode when the contacts change state when a pickup signal is received and 

are held for a preprogrammed duration.

N. Meter Face:

1. Display: Backlit LCD display, six lines, with antiglare and scratch-resistant lens.

2. Display of Metered Values: One screen to show at least four user-selected values on 

one screen at the same time.

3. Provide for the reset of metered peak values.

O. Capacities and Characteristics:

1. Power Supply: 120 V(ac), 60 Hz .

2. Circuit Connections:

a. Voltage: Measurements autoranging, 60 to 400 V(ac) L-N.  Connect directly to 

low-voltage (600 V and less) without using voltage transformers. Meter 

impedance must be 2 megohm L-L or greater. Overload Tolerance: 

1500 V(ac), RMS, continuously.
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b. Current: Connect to instrument grade current transformer with a metering 

range of 5 mA to 6 A. Overcurrent tolerance of the instrument must be 10 A 

continuous, 50 A for 10 seconds once per hour, and 120 A for one second per 

hour.

c. Frequency: 45 to 65 Hz.

d. Time: Input from a GPS receiver to synchronize the internal clock of the 

instrument and to time-synchronize this instrument with the network to a 

deviation of not greater than 1 ms.

2.4 WIRES AND CABLES

A. Electrical Power Wiring: Comply with requirements in Section 260519 "Low-Voltage 

Electrical Power Conductors and Cables."

1. Copper conductors are Type THHN/THWN-2.

B. Control Wiring:

1. Copper: Comply with requirements in Section 260523 "Control-Voltage Electrical 

Power Cables."

C. Balanced Twisted-Pair Cable: 100 ohm, four-pair balanced twisted-pair cable, Category 6.

D. Control-Voltage Cable: Multiple conductor, color-coded, No. 20 AWG copper, minimum.

1. Sheath: PVC; except in plenum-type spaces, use sheath listed for plenums.

2. Ordinary Switching Circuits: Three conductors unless otherwise indicated.

3. Switching Circuits with Pilot Lights or Locator Feature: Five conductors unless 

otherwise indicated.

2.5 SURGE PROTECTION DEVICES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Advanced Protection Technologies Inc. (APT).

3. Eaton.

4. Emerson Electric Co.

5. PowerLogics, Inc./PQ Protection.

6. Schneider Electric USA, Inc.

7. Siemens Industry, Inc., Energy Management Division.

B. SPDs: Comply with UL 1449, Type 2.

1. Include LED indicator lights for power and protection status.

2. Internal thermal protection that disconnects the SPD before damaging internal 

suppressor components.

http://www.specagent.com/LookUp/?ulid=7047&mf=04&src=wd
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3. Include Form-C contacts rated at 5 A and 250 V(ac), one normally open and one 

normally closed, for remote monitoring of protection status.  Contacts must reverse 

on failure of surge diversion module or on opening of current-limiting device. 

Coordinate with building power monitoring and control system.

C. Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per 

phase must not be less than 100 kA . The peak surge current rating must be the arithmetic 

sum of the ratings of the individual metal-oxide varistors in a given mode.

D. Comply with UL 1283.

E. Protection modes and UL 1449 SPD for grounded wye circuits with 480Y/277 V , three-

phase, four-wire circuits must not exceed the following:

1. L-N: 1200 V for 480Y/277 V .

2. L-G: 1200 V for 480Y/277 V .

3. N-G: 1200 V for 480Y/277 V .

4. L-L: 2000 V for 480Y/277 V .

F. SCCR: Equal or exceed 100 kA.

G. Nominal Rating: 20 kA.

H. Indoor Enclosures: NEMA 250, Type 1.

I. Outdoor Enclosures: NEMA 250, Type 4X.

PART 3 - EXECUTION

3.1 POWER MONITORING AND CONTROL SYSTEM INSTALLATION

A. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, 

desks, and counters. Conceal raceway and cables except in unfinished spaces.

B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no 

excess and without exceeding manufacturer's limitations on bending radii. Install lacing 

bars and distribution spools.

C. Wiring and Cabling Installation:

1. Comply with Section 260519 "Low-Voltage Electrical Power Conductors and Cables" 

for electrical power wiring.

2. Comply with Section 260523 "Control-Voltage Electrical Power Cables" for control 

wiring.

D. Raceways Installation:

1. Comply with Section 260533 "Raceway and Boxes for Electrical Systems" for 

electrical power wiring and NFPA 70 Class 1 remote-control and signaling circuits.
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2. Comply with Section 270528 "Pathways for Communications Systems" for control 

wiring, and NFPA 70 Class 2 remote-control and signaling circuits.

E. Identification Installation:

1. Comply with Section 260519 "Low-Voltage Electrical Power Conductors and Cables" 

for electrical power wiring.

2. Comply with Section 271513 "Communications Copper Horizontal Cabling" for 

identification products and cable management system requirements for UTP and 

control-voltage cable.

3. Comply with Section 271523 "Communications Optical Fiber Horizontal Cabling" for 

identification products and cable management system requirements for optical-

fiber cable.

3.2 NETWORK NAMING AND NUMBERING

A. Coordinate with Owner and provide unique naming and addressing for networks and 

devices.

3.3 GROUNDING

A. For data communication wiring, comply with BICSI N1.

B. For control-voltage wiring and cabling, comply with requirements in Section 260526 

"Grounding and Bonding for Electrical Systems."

3.4 FIELD QUALITY CONTROL

A. Field tests and inspections must be witnessed by Owner and Engineer .

B. Tests and Inspections:

1. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 

and equipment.

2. Visually inspect balanced twisted-pair cabling and optical-fiber cable jacket 

materials for UL or third-party certification markings. Inspect cabling terminations to 

confirm color-coding for pin assignments, and inspect cabling connections to 

confirm compliance with TIA-568-C.1.

3. Visually inspect cable placement, cable termination, grounding and bonding, 

equipment and patch cords, and labeling of components.

4. Test balanced twisted-pair cabling for direct-current loop resistance, shorts, opens, 

intermittent faults, and polarity between conductors. Test operation of shorting 

bars in connection blocks. Test cables after termination, but not after cross-

connection.

a. Test instruments must meet or exceed applicable requirements in TIA-568-

C.2. Perform tests with a tester that complies with performance requirements 

in its "Test Instruments (Normative)" Annex, complying with measurement 

accuracy specified in its "Measurement Accuracy (Informative)" Annex. Use 
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only test cords and adapters that are qualified by test equipment 

manufacturer for channel or link test configuration.

b. Document data for each measurement. Print data for submittals in a 

summary report that is formatted using Table 10.1 in BICSI TDMM as a guide, 

or transfer the data from the instrument to the computer, save as text files, 

print, and submit.

5. Power Monitoring and Control System Tests.

a. Test Analog Signals:

1) Check analog voltage signals using a precision voltage meter at zero, 

50, and 100 percent.

2) Check analog current signals using a precision current meter at zero, 

50, and 100 percent.

3) Check resistance signals for temperature sensors at zero, 50, and 100 

percent of operating span using a precision-resistant source.

b. Test Digital Signals:

1) Check digital signals using a jumper wire.

2) Check digital signals using an ohmmeter to test for contact making or 

breaking.

c. I/O Control Loop Tests:

1) Test every I/O point to verify that safety and operating control set 

points are as indicated and as required to operate controlled system 

safely and at optimum performance.

2) Test every I/O point throughout its full operating range.

3) Test every control loop to verify that operation is stable and accurate.

4) Adjust control loop proportional, integral, and derivative settings to 

achieve optimum performance while complying with performance 

requirements indicated. Document testing of each control loop's 

precision and stability via trend logs.

5) Test and adjust every control loop for proper operation according to 

sequence of operation.

6) Test software and hardware interlocks for proper operation.

7) Operate each analog point at the following:

a) Upper quarter of range.

b) Lower quarter of range.

c) At midpoint of range.

8) Exercise each binary point.

9) For every I/O point in the system, read and record each value at 

operator workstation, at controller, and at field instrument 

simultaneously. Value displayed at operator workstation and at field 

instrument must match.

10) Prepare and submit a report documenting results for each I/O point in 

the system, and include in each I/O point a description of corrective 

measures and adjustments made to achieve desire results.

C. Nonconforming Work:

1. Wiring and cabling will be considered defective if they do not pass tests and 

inspections.
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D. Prepare test and inspection reports.

3.5 SOFTWARE SERVICE AGREEMENT

A. Technical Support: Beginning at Substantial Completion, service agreement must include 

software support for five years.

B. Upgrade Service: At Substantial Completion, update software to latest version. Install and 

program software upgrades that become available within five years from date of 

Substantial Completion. Upgrading software must include operating system and new or 

revised licenses for using software.

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access the system 

and to upgrade computer equipment if necessary.

3.6 TRAINING

A. On-Site Training:

1. Owner will provide conditioned classroom or workspace with ample desks or tables, 

chairs, power, and data connectivity for instructor and each attendee.

2. Instructor must provide training materials, projector, and other audiovisual 

equipment used in training.

3. Provide as much of training located on-site as deemed feasible and practical by 

Owner.

4. On-site training must include regular walk-through tours, as required, to observe 

each unique product type installed with hands-on review of operation, calibration, 

and service requirements.

5. The operator workstation provided with the system must be used in training. If 

operator workstation is not indicated, provide a temporary workstation to convey 

training content.

END OF SECTION 260913
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SECTION 260923 - LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Photoelectric switches.

2. Indoor occupancy and vacancy sensors.

3. Switchbox-mounted occupancy and vacancy sensors

4. Outdoor motion sensors.

B. Related Requirements:

1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-

switch occupancy sensors, and manual light switches.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings:

1. Show installation details for the following:

a. Occupancy sensors.

b. Vacancy sensors.

2. Interconnection diagrams showing field-installed wiring.

3. Include diagrams for power, signal, and control wiring.

1.3 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

B. Sample warranty.

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 WARRANTY

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting 

control devices that fail(s) in materials or workmanship within specified warranty period.

1. Warranty Period: Two year(s) from date of Substantial Completion.
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PART 2 - PRODUCTS

2.1 OUTDOOR PHOTOELECTRIC SWITCHES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Cooper Industries, Inc.

2. Leviton Manufacturing Co., Inc.

3. NSi Industries LLC.

2.2 INDOOR OCCUPANCY AND VACANCY SENSORS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Cooper Industries, Inc.

2. Hubbell Control Solutions; Hubbell Incorporated, Lighting.

3. RAB Lighting.

4. Schneider Electric USA (Square D).

5. Sensor Switch, Inc.

6. WattStopper; Legrand North America, LLC.

B. General Requirements for Sensors:

1.  Ceiling-mounted, solid-state indoor occupancy and vacancy sensors.

2.  Dual technology.

3.  Integrated power pack.

4.  Hardwired connection to switch .

5. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked 

for intended location and application.

6. Operation:

a. Occupancy Sensor: Unless otherwise indicated, turn lights on when coverage 

area is occupied, and turn them off when unoccupied; with a time delay for 

turning lights off, adjustable over a minimum range of 1 to 15 minutes.

b. Vacancy Sensor: Unless otherwise indicated, lights are manually turned on 

and sensor turns lights off when the room is unoccupied; with a time delay 

for turning lights off, adjustable over a minimum range of 1 to 15 minutes.

c. Combination Sensor: Unless otherwise indicated, sensor shall be programmed 

to turn lights on when coverage area is occupied and turn them off when 

unoccupied, or to turn off lights that have been manually turned on; with a 

time delay for turning lights off, adjustable over a minimum range of 1 to 15 

minutes.

7. Sensor Output: Contacts rated to operate the connected relay, complying with 

UL 773A .

8. Power: Line voltage Integral photovoltaic collector.

9. Mounting:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay: Externally mounted through a 1/2-inch knockout in a standard 

electrical enclosure.

http://www.specagent.com/LookUp/?ulid=1938&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1947&mf=04&src=wd
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c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind 

hinged door.

10. Indicator: Digital display, to show when motion is detected during testing and 

normal operation of sensor.

11. Bypass Switch: Override the "on" function in case of sensor failure.

C. PIR Type: Ceiling mounted; detect occupants in coverage area by their heat and 

movement.

1. Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of any 

portion of a human body that presents a target of not less than 36 sq. in..

2. Detection Coverage (Room, Ceiling Mounted): Detect occupancy anywhere in a 

circular area of 1000 sq. ft. when mounted on a 96-inch- high ceiling.

D. Dual-Technology Type: Ceiling mounted; detect occupants in coverage area using PIR and 

ultrasonic detection methods. The particular technology or combination of technologies 

that control on-off functions is selectable in the field by operating controls on unit.

1. Sensitivity Adjustment: Separate for each sensing technology.

2. Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of any 

portion of a human body that presents a target of not less than 36 sq. in., and 

detect a person of average size and weight moving not less than 12 inches in either 

a horizontal or a vertical manner at an approximate speed of 12 inches/s.

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular 

area of 1000 sq. ft. when mounted on a 96-inch- high ceiling.

2.3 OUTDOOR MOTION SENSORS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Cooper Industries, Inc.

2. Hubbell Control Solutions; Hubbell Incorporated, Lighting.

3. RAB Lighting.

4. Sensor Switch, Inc.

5. WattStopper; Legrand North America, LLC.

B. Description: Solid-state outdoor motion sensors.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked 

for intended location and application.

2.  Dual-technology (PIR and ultrasonic) type, weatherproof. Detect occurrences of 6-

inch- minimum movement of any portion of a human body that presents a target of 

not less than 36 sq. in.. Comply with UL 773A.

3. Switch Rating:

a. Luminaire-Mounted Sensor: 1000-W incandescent, 500-VA fluorescent/LED .

b. Separately Mounted Sensor: Dry contacts rated for 20-A ballast load at 120- 

and 277-V ac, for 13-A tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor 

has 24-V dc, 150-mA, Class 2 power source, as defined by NFPA 70.

4. Switch Type: SP. 

http://www.specagent.com/LookUp/?ulid=1961&mf=04&src=wd
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5. Voltage: Match the circuit voltage type.

6. Detector Coverage:

a. Long Range: 180-degree field of view and 110-foot detection range.

b. .

7. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 10 to 

150 fc. The switch prevents the lights from turning on when the light level is higher 

than the set point of the sensor.

8. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes.

9. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns 

of the space and help eliminate false "off" switching.

10. Operating Ambient Conditions: Suitable for operation in ambient temperatures 

ranging from minus 40 to plus 130 deg F, rated as "raintight" according to UL 773A.

2.4 CONDUCTORS AND CABLES

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 

AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 

Conductors and Cables."

B. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller 

than No. 16 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical 

Power Conductors and Cables."

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with NECA 1.

B. Examine lighting control devices before installation. Reject lighting control devices that are 

wet, moisture damaged, or mold damaged.

C. Coordinate layout and installation of ceiling-mounted devices with other construction that 

penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, 

smoke detectors, fire-suppression systems, and partition assemblies.

D. Install and aim sensors in locations to achieve not less than 90-percent coverage of areas 

indicated. Do not exceed coverage limits specified in manufacturer's written instructions.

E. Mount electrically held lighting contactors with elastomeric isolator pads to eliminate 

structure-borne vibration unless contactors are installed in an enclosure with factory-

installed vibration isolators.

3.2 WIRING INSTALLATION

A. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." Minimum conduit size is 1/2 inch.

B. Wiring within Enclosures: Separate power-limited and nonpower-limited conductors in 

accordance with conductor manufacturer's written instructions.
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C. Size conductors in accordance with lighting control device manufacturer's written 

instructions unless otherwise indicated.

D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in 

junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.

3.3 IDENTIFICATION

A. Identify components and power and control wiring in accordance with Section 260553 

"Identification for Electrical Systems."

B. Label time switches and contactors with a unique designation.

3.4 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Operational Test: After installing time switches and sensors, and after electrical 

circuitry has been energized, start units to confirm proper unit operation.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 

and equipment.

B. Lighting control devices will be considered defective if they do not pass tests and 

inspections.

C. Prepare test and inspection reports.

3.5 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 

Completion, provide on-site assistance in adjusting lighting control devices to suit actual 

occupied conditions. Provide up to two visits to Project during other-than-normal 

occupancy hours for this purpose.

1. For occupancy and motion sensors, verify operation at outer limits of detector 

range. Set time delay to suit Owner's operations.

2. For daylighting controls, adjust set points and deadband controls to suit Owner's 

operations.

3. Align high-bay occupancy sensors using manufacturer's laser aiming tool.

3.6 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, and maintain lighting control 

devices.

END OF SECTION 260923
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SECTION 262213 - LOW-VOLTAGE DISTRIBUTION TRANSFORMERS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes distribution, dry-type transformers with a nominal primary and secondary 

rating of 600 V and less, with capacities up to 1500 kVA.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings:

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each 

field connection.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment.

3. Include diagrams for power, signal, and control wiring.

1.3 INFORMATIONAL SUBMITTALS

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Acme Electric Corporation.

3. Eaton.

4. Hammond Power Solutions Inc.

5. Lincoln Electric Products Co., Inc.

6. Mirus International Inc.

7. Schneider Electric USA (Square D).

8. Siemens Industry, Inc., Energy Management Division.

9. TEMCo Transformers.

http://www.specagent.com/LookUp/?ulid=9949&mf=04&src=wd
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2.2 GENERAL TRANSFORMER REQUIREMENTS

A. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service.

B. Comply with NFPA 70.

1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and use.

C. Encapsulation: Transformers smaller than 30 kVA shall have core and coils completely 

resin encapsulated.

D. Cores: Electrical grade, non-aging silicon steel with high permeability and low hysteresis 

losses.

E. Coils: Continuous windings  without splices except for taps.

1. Coil Material: Aluminum .

2. Internal Coil Connections: Brazed or pressure type.

3. Terminal Connections: Bolted.

F. Shipping Restraints: Paint or otherwise color-code bolts, wedges, blocks, and other 

restraints that are to be removed after installation and before energizing. Use fluorescent 

colors that are easily identifiable inside the transformer enclosure.

2.3 DISTRIBUTION TRANSFORMERS

A. Comply with NFPA 70 , and list and label as complying with UL 1561.

B. Provide transformers that are constructed to withstand seismic forces specified in 

Section 260548.16 "Seismic Controls for Electrical Systems."

C. Cores: One leg per phase.

D. Enclosure: Ventilated .

1. NEMA 250, Type 3R : Core and coil shall be encapsulated within resin 

compound  using a vacuum-pressure impregnation process to seal out moisture and 

air.

2. KVA Ratings: Based on convection cooling only and not relying on auxiliary fans.

3. Wiring Compartment: Sized for conduit entry and wiring installation.

E. Taps for Transformers 3 to 5 kVA: One 5 percent tap above and one 5 percent tap below 

normal full capacity.

F. Insulation Class, Smaller Than 30 kVA: 180 deg C, UL-component-recognized insulation 

system with a maximum of 115 deg C rise above 40 deg C ambient temperature.

G. Grounding: Provide ground-bar kit or a ground bar installed on the inside of the 

transformer enclosure.
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H. Wall Brackets: Manufacturer's standard brackets .

2.4 IDENTIFICATION

A. Nameplates: Engraved, laminated-acrylic or melamine plastic signs for each distribution 

transformer, mounted with corrosion-resistant screws. Nameplates and label products are 

specified in Section 260553 "Identification for Electrical Systems."

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine conditions for compliance with enclosure- and ambient-temperature 

requirements for each transformer.

B. Verify that field measurements are as needed to maintain working clearances required by 

NFPA 70 and manufacturer's written instructions.

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where 

transformers will be installed.

D. Verify that ground connections are in place and requirements in Section 260526 

"Grounding and Bonding for Electrical Systems" have been met. Maximum ground 

resistance shall be 5 ohms at location of transformer.

E. Environment: Enclosures shall be rated for the environment in which they are located. 

Covers for NEMA 250, Type 4X enclosures shall not cause accessibility problems.

3.2 INSTALLATION

A. Install wall-mounted transformers level and plumb with wall brackets fabricated by 

transformer manufacturer .

1. Coordinate installation of wall-mounted and structure-hanging supports with actual 

transformer provided.

B. Remove shipping bolts, blocking, and wedges.

3.3 CONNECTIONS

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems."

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables."

C. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values. If manufacturer's torque values are not indicated, use those specified in 

UL 486A-486B.
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D. Provide flexible connections at all conduit and conductor terminations and supports to 

eliminate sound and vibration transmission to the building structure.

END OF SECTION 262213
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SECTION 262416 - PANELBOARDS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Distribution panelboards.

2. Lighting and appliance branch-circuit panelboards.

1.2 DEFINITIONS

A. MCCB: Molded-case circuit breaker.

B. SPD: Surge protective device.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of panelboard.

B. Shop Drawings: For each panelboard and related equipment.

1. Include dimensioned plans, elevations, sections, and details.

2. Detail enclosure types including mounting and anchorage, environmental 

protection, knockouts, corner treatments, covers and doors, gaskets, hinges, and 

locks.

3. Detail bus configuration, current, and voltage ratings.

4. Short-circuit current rating of panelboards and overcurrent protective devices.

5. Include evidence of NRTL listing for SPD as installed in panelboard.

6. Detail features, characteristics, ratings, and factory settings of individual 

overcurrent protective devices and auxiliary components.

7. Include wiring diagrams for power, signal, and control wiring.

8. Key interlock scheme drawing and sequence of operations.

9. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in panelboards.

1.4 INFORMATIONAL SUBMITTALS

A. Panelboard schedules for installation in panelboards.

1.5 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.6 FIELD CONDITIONS

A. Service Conditions: NEMA PB 1, usual service conditions, as follows:
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1. Ambient temperatures within limits specified.

2. Altitude not exceeding 6600 feet.

PART 2 - PRODUCTS

2.1 PANELBOARDS COMMON REQUIREMENTS

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined 

in Section 260548.16 "Seismic Controls for Electrical Systems."

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.

C. Comply with NEMA PB 1.

D. Comply with NFPA 70.

E. Enclosures: Surface-mounted, dead-front cabinets.

1. Rated for environmental conditions at installed location.

a. Outdoor Locations: NEMA 250, Type 3R .

b.  Wash-Down Areas: NEMA 250, Type 4X , .

c. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive 

Liquids: NEMA 250, .

2. Height: 84 inches maximum.

3. Hinged Front Cover: Entire front trim hinged to box and with standard door within 

hinged trim cover. Trims shall cover all live parts and shall have no exposed 

hardware.

F. Incoming Mains Location: Bottom .

G. Phase, Neutral, and Ground Buses: Tin-plated aluminum .

H. Conductor Connectors: Suitable for use with conductor material and sizes.

1. Material: Tin-plated aluminum .

2. Main and Neutral Lugs: Mechanical type, with a lug on the neutral bar for each pole 

in the panelboard.

3. Ground Lugs and Bus-Configured Terminators: type, with a lug on the bar for each 

pole in the panelboard.

I. NRTL Label: Panelboards shall be labeled by an NRTL acceptable to authority having 

jurisdiction for use as service equipment with one or more main service disconnecting and 

overcurrent protective devices. Panelboards shall have meter enclosures, wiring, 

connections, and other provisions for utility metering. Coordinate with utility company for 

exact requirements.

J. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, 

and necessary appurtenances required for future installation of devices.
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K. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit 

current available at terminals. Assembly listed by an NRTL for 100 percent interrupting 

capacity.

2.2 PERFORMANCE REQUIREMENTS

A. Surge Suppression: Factory installed as an integral part of indicated panelboards, 

complying with UL 1449 SPD Type 2.

2.3 POWER PANELBOARDS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Eaton.

3. Schneider Electric USA (Square D).

B. Panelboards: NEMA PB 1, distribution type.

C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.

1. For doors more than 36 inches high, provide two latches, keyed alike.

D. Mains: Lugs only.

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A: 

Bolt-on circuit breakers .

F. Contactors in Main Bus: NEMA ICS 2, Class A, mechanically held, general-purpose 

controller, with same short-circuit interrupting rating as panelboard.

1. External Control-Power Source: 120-V branch circuit .

2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Eaton.

3. Schneider Electric USA (Square D).

B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

C. Mains: Circuit breaker .

D. Branch Overcurrent Protective Devices: Plug-in circuit breakers, replaceable without 

disturbing adjacent units.

http://www.specagent.com/LookUp/?ulid=11316&mf=04&src=wd
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E. Contactors in Main Bus: NEMA ICS 2, Class A, mechanically held, general-purpose 

controller, with same short-circuit interrupting rating as panelboard.

1. External Control-Power Source: 120-V branch circuit .

F. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

G. Column-Type Panelboards: Single row of overcurrent devices with narrow gutter extension 

and overhead junction box equipped with ground and neutral terminal buses.

2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Eaton.

3. Schneider Electric USA (Square D).

B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.

1. Thermal-Magnetic Circuit Breakers:

a. Inverse time-current element for low-level overloads.

b. Instantaneous magnetic trip element for short circuits.

c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and 

larger.

2. Electronic Trip Circuit Breakers:

a. RMS sensing.

b. Field-replaceable rating plug or electronic trip.

c. Digital display of settings, trip targets, and indicated metering displays.

d. Multi-button keypad to access programmable functions and monitored data.

e. Ten-event, trip-history log. Each trip event shall be recorded with type, phase, 

and magnitude of fault that caused the trip.

f. Integral test jack for connection to portable test set or laptop computer.

g. Field-Adjustable Settings:

1) Instantaneous trip.

2) Long- and short-time pickup levels.

3) Long and short time adjustments.

3. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-

fault protection (6-mA trip).

4. MCCB Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.

b. Breaker handle indicates tripped status.

c. UL listed for reverse connection without restrictive line or load ratings.

d. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor 

materials.

e. Ground-Fault Protection: relay and trip unit with adjustable pickup and time-

delay settings, push-to-test feature, and ground-fault indicator.

f. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker 

handle in on or off position.

http://www.specagent.com/LookUp/?ulid=2047&mf=04&src=wd
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2.6 IDENTIFICATION

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of 

phases, and number of poles shall be located on the interior of the panelboard door.

B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and 

AIC rating.

C. Circuit Directory: Directory card inside panelboard door, mounted in metal frame with 

transparent protective cover.

2.7 ACCESSORY COMPONENTS AND FEATURES

A. Portable Test Set: For testing functions of solid-state trip devices without removing from 

panelboard. Include relay and meter test plugs suitable for testing panelboard meters and 

switchboard class relays.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with NECA 1.

B. Install panelboards and accessories according to NECA 407 .

C. Comply with mounting and anchoring requirements specified in Section 260548.16 

"Seismic Controls for Electrical Systems."

D. Mount top of trim 84 inches above finished floor unless otherwise indicated.

E. Mount panelboard cabinet plumb and rigid without distortion of box.

F. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with 

back box.

G. Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges.

H. Make grounding connections and bond neutral for services and separately derived systems 

to ground. Make connections to grounding electrodes, separate grounds for isolated 

ground bars, and connections to separate ground bars.

I. Install filler plates in unused spaces.

J. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
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3.2 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; install 

warning signs complying with requirements in Section 260553 "Identification for Electrical 

Systems."

B. Create a directory to indicate installed circuit loads; incorporate Owner's final room 

designations. Obtain approval before installing. Handwritten directories are not 

acceptable. Install directory inside panelboard door.

C. Panelboard Nameplates: Label each panelboard with a nameplate complying with 

requirements for identification specified in Section 260553 "Identification for Electrical 

Systems."

D. Device Nameplates: Label each branch circuit device in power panelboards with a 

nameplate complying with requirements for identification specified in Section 260553 

"Identification for Electrical Systems."

E. Install warning signs complying with requirements in Section 260553 "Identification for 

Electrical Systems" identifying source of remote circuit.

END OF SECTION 262416
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. GFCI receptacles, 125 V, 20 A.

2. Toggle switches, 120/277 V, 20 A.

3. Wall plates.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.3 INFORMATIONAL SUBMITTALS

PART 2 - PRODUCTS

2.1 GENERAL WIRING-DEVICE REQUIREMENTS

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and use.

B. Comply with NFPA 70.

C. RoHS compliant.

D. Comply with NEMA WD 1.

E. Device Color:

1. Wiring Devices Connected to Normal Power System: White unless otherwise 

indicated or required by NFPA 70 or device listing.

F. Wall Plate Color: For plastic covers, match device color.

G. Source Limitations: Obtain each type of wiring device and associated wall plate from single 

source from single manufacturer.

2.2 GFCI RECEPTACLES, 125 V, 20 A

A. Duplex GFCI Receptacles, 125 V, 20 A :

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Eaton (Wiring Devices - Arrow Hart).

http://www.specagent.com/LookUp/?ulid=2086&mf=04&src=wd
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b. Leviton Manufacturing Co., Inc.

c. Pass & Seymour; Legrand North America, LLC.

2. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. 

Two pole, three wire, and self-grounding.

3. Configuration: NEMA WD 6, Configuration 5-20R.

4. Type: Feed through.

5. Standards: Comply with UL 498, UL 943 Class A, and FS W-C-596.

2.3 TOGGLE SWITCHES, 120/277 V, 20 A

A. Single-Pole Switches, 120/277 V, 20 A :

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Eaton (Wiring Devices - Arrow Hart).

b. Leviton Manufacturing Co., Inc.

c. Pass & Seymour; Legrand North America, LLC.

2. Standards: Comply with UL 20 and FS W-S-896.

B. Two-Pole Switches, 120/277 V, 20 A :

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Eaton (Wiring Devices - Arrow Hart).

b. Leviton Manufacturing Co., Inc.

c. Pass & Seymour; Legrand North America, LLC.

2. Comply with UL 20 and FS W-S-896.

2.4 WALL PLATES

A. Single Source: Obtain wall plates from same manufacturer of wiring devices.

B. Single and combination types shall match corresponding wiring devices.

1. Plate-Securing Screws: Metal with head color to match plate finish.

2. Material for Unfinished Spaces: Galvanized steel .

3. Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed 

and labeled for use in wet and damp locations.

C. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-

resistant , die-cast aluminum with lockable cover.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 

indicated.

B. Coordination with Other Trades:

http://www.specagent.com/LookUp/?ulid=2114&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=2117&mf=04&src=wd
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1. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, 

concrete, dust, paint, and other material that may contaminate the raceway system, 

conductors, and cables.

2. Install device boxes in brick or block walls so that the cover plate does not cross a 

joint unless the joint is troweled flush with the face of the wall.

3. Install wiring devices after all wall preparation, including painting, is complete.

C. Device Installation:

1. Connect devices to branch circuits using pigtails that are not less than 6 inches in 

length.

2. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact.

D. Receptacle Orientation:

1. Install ground pin of vertically mounted receptacles up , and on horizontally 

mounted receptacles to the left.

END OF SECTION 262726
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SECTION 262813 - FUSES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Cartridge fuses rated 600 V ac and less for use in the following:

a. Enclosed switches.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.3 CLOSEOUT SUBMITTALS

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Eaton (Bussmann & Edison).

2. Littelfuse, Inc.

3. Mersen USA.

2.2 CARTRIDGE FUSES

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage 

ratings consistent with circuit voltages.

1. Type CC: 600-V, zero- to 30-A rating, 200 kAIC .

2. Type CD: 600-V, 31- to 60-A rating, 200 kAIC .

3. Type J: 600-V, zero- to 600-A rating, 200 kAIC.

4. Type T: 600-V, zero- to 800-A rating, 200 kAIC .

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.

C. Comply with NEMA FU 1 for cartridge fuses.

D. Comply with NFPA 70.

E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse 

size and with system short-circuit current levels.

http://www.specagent.com/LookUp/?ulid=2150&mf=04&src=wd
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without 

removing fuse.

B. Install spare-fuse cabinet(s) in location shown on the Drawings or as indicated in the field 

by Owner.

3.2 IDENTIFICATION

A. Install labels complying with requirements for identification specified in Section 260553 

"Identification for Electrical Systems" and indicating fuse replacement information inside 

of door of each fused switch and adjacent to each fuse block, socket, and holder.

END OF SECTION 262813
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Fusible switches.

2. Nonfusible switches.

3. Molded-case circuit breakers (MCCBs).

4. Enclosures.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 

indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and 

manufacturers' technical data on features, performance, electrical characteristics, ratings, 

accessories, and finishes.

1. Include time-current coordination curves (average melt) for each type and rating of 

overcurrent protective device; include selectable ranges for each type of 

overcurrent protective device. Provide in PDF and SKM electronic format.

B. Shop Drawings: For enclosed switches and circuit breakers.

1. Include plans, elevations, sections, details, and attachments to other work.

2. Include wiring diagrams for power, signal, and control wiring.

1.3 INFORMATIONAL SUBMITTALS

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 QUALITY ASSURANCE

1.6 WARRANTY

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace 

components that fail in materials or workmanship within specified warranty period.

1. Warranty Period: One year(s) from date of Substantial Completion.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

2.2 GENERAL REQUIREMENTS

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 

devices, components, and accessories, within same product category, from single 

manufacturer.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by an NRTL, and marked for intended location and application.

C. Comply with NFPA 70.

2.3 FUSIBLE SWITCHES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Eaton.

3. Schneider Electric USA (Square D).

B. Type HD, Heavy Duty:

1.  Single throw.

2.  Three pole.

3.  600-V ac.

4.  1200 A and smaller .

5. UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate 

indicated fuses.

6. Lockable handle with capability to accept three padlocks, and interlocked with cover 

in closed position.

C. Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum 

ground conductors.

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors.

3. Service-Rated Switches: Labeled for use as service equipment.

2.4 NONFUSIBLE SWITCHES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Eaton.

http://www.specagent.com/LookUp/?ulid=2151&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=2152&mf=04&src=wd
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3. Schneider Electric USA (Square D).

B. Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and 

NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, 

and interlocked with cover in closed position.

C. Accessories:

1. Service-Rated Switches: Labeled for use as service equipment.

2.5 MOLDED-CASE CIRCUIT BREAKERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. ABB (Electrification Products Division).

2. Eaton.

3. Schneider Electric USA (Square D).

B. Circuit breakers shall be constructed using glass-reinforced insulating material. Current 

carrying components shall be completely isolated from the handle and the accessory 

mounting area.

C. Circuit breakers shall have a toggle operating mechanism with common tripping of all 

poles, which provides quick-make, quick-break contact action. The circuit-breaker handle 

shall be over center, be trip free, and reside in a tripped position between on and off to 

provide local trip indication. Circuit-breaker escutcheon shall be clearly marked on and off 

in addition to providing international I/O markings. Equip circuit breaker with a push-to-

trip button, located on the face of the circuit breaker to mechanically operate the circuit-

breaker tripping mechanism for maintenance and testing purposes.

D. MCCBs shall be equipped with a device for locking in the isolated position.

E. Lugs shall be suitable for 140 deg F rated wire on 125-A circuit breakers and below 

194 deg F rated wire, sized according to the 167 deg F temperature rating in NFPA 70.

F. Standards: Comply with UL 489 with interrupting capacity to comply with available fault 

currents.

G. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level 

overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic 

trip setting for circuit-breaker frame sizes 250 A and larger.

H. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-

mounted, field-adjustable trip setting.

I. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the 

following field-adjustable settings:

1. Long- and short-time pickup levels.

http://www.specagent.com/LookUp/?ulid=2155&mf=04&src=wd
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2. Long- and short-time time adjustments.

J. Features and Accessories:

1. Standard frame sizes, trip ratings, and number of poles.

2.6 ENCLOSURES

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to 

comply with environmental conditions at installed location.

B. Enclosure Finish: The enclosure shall be finished with gray baked enamel paint, 

electrodeposited on cleaned, phosphatized galvannealed steel (NEMA 250 Types 3R, 12) .

C. Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts. 

NEMA 250 Types 7 and 9 enclosures shall be provided with threaded conduit openings in 

both endwalls.

D. Operating Mechanism: The circuit-breaker operating handle shall be externally operable 

with the operating mechanism being an integral part of the box, not the cover . The cover 

interlock mechanism shall have an externally operated override. The override shall not 

permanently disable the interlock mechanism, which shall return to the locked position 

once the override is released. The tool used to override the cover interlock mechanism 

shall not be required to enter the enclosure in order to override the interlock.

E. Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a dual 

cover interlock mechanism to prevent unintentional opening of the enclosure cover when 

the circuit breaker is ON and to prevent turning the circuit breaker ON when the enclosure 

cover is open.

F. NEMA 250 Type 7/9 enclosures shall be furnished with a breather and drain kit to allow 

their use in outdoor and wet location applications.

PART 3 - EXECUTION

3.1 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS

A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the 

following environmental ratings.

1.  Areas: NEMA 250, Type 4X , stainless steel .

2. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4 .

3.2 INSTALLATION

A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities 

occupied by Owner or others unless permitted under the following conditions and then 

only after arranging to provide temporary electric service according to requirements 

indicated:
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1. Notify Architect Construction Manager Owner no fewer than fourteen days in 

advance of proposed interruption of electric service.

2. Indicate method of providing temporary electric service.

3. Do not proceed with interruption of electric service without Architect's Construction 

Manager's Owner's written permission.

4. Comply with NFPA 70E.

B. Coordinate layout and installation of switches, circuit breakers, and components with 

equipment served and adjacent surfaces. Maintain required workspace clearances and 

required clearances for equipment access doors and panels.

C. Install individual wall-mounted switches and circuit breakers with tops at uniform height 

unless otherwise indicated.

D. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets 

and temporary blocking of moving parts from enclosures and components.

E. Install fuses in fusible devices.

F. Comply with NFPA 70 and NECA 1.

G. Set field-adjustable circuit-breaker trip ranges  as specified in Section 260573.16 

"Coordination Studies." 

3.3 IDENTIFICATION

A. Comply with requirements in Section 260553 "Identification for Electrical Systems."

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs.

2. Label each enclosure with engraved metal or laminated-plastic nameplate.

END OF SECTION 262816
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SECTION 265119 - LED INTERIOR LIGHTING

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes the following types of LED luminaires:

1. Linear industrial.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Manufacturers' Certified Data: Photometric data certified by manufacturer's 

laboratory with a current accreditation under the National Voluntary Laboratory 

Accreditation Program for Energy Efficient Lighting Products.

2. Testing Agency Certified Data: For indicated luminaires, photometric data certified 

by a qualified independent testing agency. Photometric data for remaining 

luminaires shall be certified by manufacturer.

1.3 INFORMATIONAL SUBMITTALS

A. Product test reports.

B. Sample warranty.

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 QUALITY ASSURANCE

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's 

laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.

B. Provide luminaires from a single manufacturer for each luminaire type.

C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color 

consistency among luminaires.

1.6 WARRANTY

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires 

that fail in materials or workmanship within specified warranty period.

B. Warranty Period: Five year(s) from date of Substantial Completion.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Ambient Temperature: 5 to 104 deg F .

1. Relative Humidity: Zero to 95 percent.

B. Altitude: Sea level to 6000 feet .

2.2 LUMINAIRE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.

B. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels 

where they will be readily visible to service personnel, but not seen from normal viewing 

angles when lamps are in place.

1. Label shall include the following lamp characteristics:

a. "USE ONLY" and include specific lamp type.

b. Lamp diameter, shape, size, wattage, and coating.

c. CCT and CRI.

C. Recessed luminaires shall comply with NEMA LE 4.

D. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for 

indicated class and division of hazard by an NRTL.

E. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 

indicated class and division of hazard by FM Global.

2.3 LINEAR INDUSTRIAL .

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Eaton (Lighting).

2. Lithonia Lighting; Acuity Brands Lighting, Inc.

3. RAB Lighting.

B. Lamp:

1. Minimum allowable efficacy of 80 lm/W.

2. CRI of minimum 80 . CCT of 4000 K .

3. Rated lamp life of 50,000 hours to L70.

4. Dimmable from 100 percent to zero percent of maximum light output.

5. Internal driver.

6. Lens Thickness: At least 0.125-inch minimum unless otherwise indicated.

C. Housings:

http://www.specagent.com/LookUp/?ulid=11305&mf=04&src=wd
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1.  Extruded-aluminum housing and heat sink.

2.  powder-coat finish.

D. Housing and Heat Sink Rating:

1. NEMA 250, Type 4X.

2. IP 66.

3. Marine and wet locations.

4. CSA C22.2 No 137.

5.  NSF, Washdown Rated .

6. Vapor proof, gasketed

E. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 

operating conditions, and designed to permit relamping without use of tools. Components 

are designed to prevent doors, frames, lenses, diffusers, and other components from 

falling accidentally during relamping and when secured in operating position.

F. Diffusers and Globes:

1.  Prismatic acrylic .

2. Lens Thickness: At least 0.125-inch minimum unless otherwise indicated.

G. With integral mounting provisions.

H. Standards:

1. ENERGY STAR certified.

2. RoHS compliant.

2.4 MATERIALS

A. Metal Parts:

1. Free of burrs and sharp corners and edges.

2. Sheet metal components shall be steel unless otherwise indicated.

3. Form and support to prevent warping and sagging.

B. Steel:

1. ASTM A36/A36M for carbon structural steel.

2. ASTM A568/A568M for sheet steel.

C. Stainless Steel:

1. 1. Manufacturer's standard grade.

2. 2. Manufacturer's standard type, ASTM A240/240M.

D. Galvanized Steel: ASTM A653/A653M.

E. Aluminum: ASTM B209.
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2.5 METAL FINISHES

A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining 

components are acceptable if they are within the range of approved Samples and if they 

can be and are assembled or installed to minimize contrast.

2.6 LUMINAIRE SUPPORT

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 

Systems" for channel and angle iron supports and nonmetallic channel and angle supports.

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. 

Finish same as luminaire.

C. Wires: ASTM A641/A641M, Class 3, soft temper, zinc-coated steel, 12 gage .

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod.

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment 

with threaded attachment, cord, and locking-type plug.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with NECA 1.

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise 

indicated.

C. Install lamps in each luminaire.

D. Supports:

1. Sized and rated for luminaire weight.

2. Able to maintain luminaire position after cleaning and relamping.

3. Provide support for luminaire without causing deflection of ceiling or wall.

4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 

percent of luminaire weight and a vertical force of 400 percent of luminaire weight.

E. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables" for wiring connections.

3.2 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 

identification specified in Section 260553 "Identification for Electrical Systems."
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3.3 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Operational Test: After installing luminaires, switches, and accessories, and after 

electrical circuitry has been energized, test units to confirm proper operation.

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 

operation. Verify transfer from normal power to battery power and retransfer to 

normal.

B. Luminaire will be considered defective if it does not pass operation tests and inspections.

C. Prepare test and inspection reports.

3.4 STARTUP SERVICE

A. Comply with requirements for startup specified in Section 260943.16 "Addressable-

Luminaire Lighting Controls."

B. Comply with requirements for startup specified in Section 260943.23 "Relay-Based 

Lighting Controls."

END OF SECTION 265119
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SECTION 265619 - LED EXTERIOR LIGHTING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Exterior solid-state luminaires that are designed for and exclusively use LED lamp 

technology.

2. Luminaire-mounted photoelectric relays.

B. Related Requirements:

1. Section 260923 "Lighting Control Devices" for automatic control of lighting, 

including time switches, photoelectric relays, occupancy sensors, and multipole 

lighting relays and contactors.

2. Section 260926 "Lighting Control Panelboards" for panelboard-based lighting 

control.

3. Section 260943.16 "Addressable-Luminaire Lighting Controls" and 

Section 260943.23 "Relay-Based Lighting Controls" for manual or programmable 

control systems with low-voltage control wiring or data communication circuits.

4. Section 265613 "Lighting Poles and Standards" for poles and standards used to 

support exterior lighting equipment.

1.2 DEFINITIONS

A. CCT: Correlated color temperature.

B. CRI: Color rendering index.

C. Fixture: See "Luminaire."

D. IP: International Protection or Ingress Protection Rating.

E. Lumen: Measured output of lamp and luminaire, or both.

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of luminaire.

B. Shop Drawings: For nonstandard or custom luminaires.

1. Include plans, elevations, sections, and mounting and attachment details.

2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and size 

of each field connection.
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3. Include diagrams for power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS

A. Product Certificates: For each type of the following:

1. Luminaire.

2. Photoelectric relay.

B. Sample warranty.

1.5 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes.

2. Provide a list of all photoelectric relay types used on Project; use manufacturers' 

codes.

1.6 FIELD CONDITIONS

A. Mark locations of exterior luminaires for approval by Architect prior to the start of 

luminaire installation.

1.7 WARRANTY

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires 

that fail in materials or workmanship within specified warranty period.

1. Warranty Period: 5 year(s) from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

2.2 LUMINAIRE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.

B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of 

hazard by an NRTL.

C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 

indicated class and division of hazard by FM Global.

D. CRI of 70 . CCT of 3000 K .

E. L70 lamp life of 50,000 hours.
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F. Lamps dimmable from 100 percent to 0 percent of maximum light output.

G. Nominal Operating Voltage: 120 V ac .

H. Source Limitations:

1. Obtain luminaires from single source from a single manufacturer.

2. For luminaires, obtain each color, grade, finish, type, and variety of luminaire from 

single source with resources to provide products of consistent quality in appearance 

and physical properties.

2.3 LUMINAIRE TYPES

A. Area and Site:

1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following:

a. Architectural Area Lighting.

b. Eaton (Lighting).

c. RAB Lighting.

2. Luminaire Shape: As shown on Drawings .

3. Mounting: Building with arm, 11 inches 13 inches in length.

4. Luminaire-Mounting Height: Per Lighting Schedules and adjust to fit building 

limitations .

5. Distribution: Type III .

2.4 MATERIALS

A. Metal Parts: Free of burrs and sharp corners and edges.

B. Sheet Metal Components: Corrosion-resistant aluminum Epoxy-coated steel . Form and 

support to prevent warping and sagging.

C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 

operating conditions, and designed to permit relamping without use of tools. Designed to 

prevent doors, frames, lenses, diffusers, and other components from falling accidentally 

during relamping and when secured in operating position. Doors shall be removable for 

cleaning or replacing lenses.

D. Diffusers and Globes:

1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to yellowing 

and other changes due to aging, exposure to heat, and UV radiation.

2. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.

E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and 

cushion lenses and refractors in luminaire doors.

F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated:

1. White Surfaces: 85 percent.

http://www.specagent.com/LookUp/?ulid=11872&mf=04&src=wd
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2. Specular Surfaces: 83 percent.

3. Diffusing Specular Surfaces: 75 percent.

G. Housings:

1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform 

in use.

2. Provide filter/breather for enclosed luminaires.

2.5 FINISHES

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in 

appearance of adjoining components are acceptable if they are within the range of 

approved Samples and are assembled or installed to minimize contrast.

B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested 

luminaire before shipping. Where indicated, match finish process and color of pole or 

support materials.

C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes 

Manual for Architectural and Metal Products" for recommendations for applying and 

designating finishes.

1. Finish designations prefixed by AA comply with the system established by the 

Aluminum Association for designating aluminum finishes.

2. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium satin; 

Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, 

integrally colored or electrolytically deposited color coating 0.018 mm or thicker), 

complying with AAMA 611.

a. Color: Dark bronze .

D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes 

Manual for Architectural and Metal Products" for recommendations for applying and 

designating finishes.

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove dirt, oil, 

grease, and other contaminants that could impair paint bond. Grind welds and 

polish surfaces to a smooth, even finish. Remove mill scale and rust, if present, from 

uncoated steel, complying with SSPC-SP 5/NACE No. 1 or SSPC-SP 8.

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of 

primer and two finish coats of high-gloss, high-build polyurethane enamel.

a. Color:

1) As selected from manufacturer's standard catalog of colors DARK 

BRONZE.
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PART 3 - EXECUTION

3.1 GENERAL INSTALLATION REQUIREMENTS

A. Comply with NECA 1.

B. Fasten luminaire to structural support.

C. Wall-Mounted Luminaire Support:

1.  Attached to structural members in walls orAttached to a minimum 1/8 inch backing 

plate attached to wall structural members [Attached using through bolts and 

backing plates on either side of wall] .

D. Wiring Method: Install cables in raceways. Conceal raceways and cables.

E.  Install luminaires level, plumb, and square with finished grade unless otherwise indicated. 

F. Coordinate layout and installation of luminaires with other construction.

G. Adjust luminaires that require field adjustment or aiming. Include adjustment of 

photoelectric device to prevent false operation of relay by artificial light sources, favoring 

a north orientation.

H. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables" and Section 260533 "Raceways and Boxes for Electrical Systems" for wiring 

connections and wiring methods.

3.2 CORROSION PREVENTION

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a 

dissimilar metal, protect aluminum by insulating fittings or treatment.

B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." 

In concrete foundations, wrap conduit with 0.010-inch- thick, pipe-wrapping plastic tape 

applied with a 50 percent overlap.

3.3 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 

identification specified in Section 260553 "Identification for Electrical Systems."

3.4 FIELD QUALITY CONTROL

A. Inspect each installed luminaire for damage. Replace damaged luminaires and 

components.

B. Perform the following tests and inspections:

1. Operational Test: After installing luminaires, switches, and accessories, and after 

electrical circuitry has been energized, test units to confirm proper operation.
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2. Verify operation of photoelectric controls.

C. Illumination Tests:

1. Measure light intensities at night. Use photometers with calibration referenced to 

NIST standards. Comply with the following IES testing guide(s):

a. IES LM-5.

b. IES LM-50.

c. IES LM-52.

d. IES LM-64.

e. IES LM-72.

2. Operational Test: After installing luminaires, switches, and accessories, and after 

electrical circuitry has been energized, test units to confirm proper operation.

D. Luminaire will be considered defective if it does not pass tests and inspections.

E. Prepare a written report of tests, inspections, observations, and verifications indicating 

and interpreting results. If adjustments are made to lighting system, retest to demonstrate 

compliance with standards.

END OF SECTION 265619
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SECTION 283100 - INTRUSION DETECTION

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes intrusion detection with communication links to perform monitoring, 

alarm, and control functions.

B. Related Sections:

1. Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for power 

cabling between master control units and field-mounted devices and control units.

2. Section 271313 "Communications Copper Backbone Cabling" for Category 5e, 6, and 

7 backbone (riser-rated) cabling.

3. Section 271323 "Communications Optical Fiber Backbone Cabling" for multi- and 

single-mode backbone (riser-rated) optical fiber.

4. Section 271513 "Communications Copper Horizontal Cabling" for Category 5e, 6, 

and 7 horizontal (general use, riser-, and plenum-rated) cabling.

5. Section 271523 "Communications Optical Fiber Horizontal Cabling" for multi- and 

single-mode horizontal (general use, riser-, and plenum-rated) optical fiber.

6. Section 281300 "Access Control System Software and Database Management" for 

applications, interfaces, and workstations.

7. Section 283121 "Perimeter Security Systems" for outdoor intrusion detection 

devices, including lighting and communications associated with chain-link fence 

gates.

8. Section 282000 "Video Surveillance" for CCTV cameras that are used as devices for 

video motion detection.

1.2 DEFINITIONS

A. Control Unit: System component that monitors inputs and controls outputs through 

various circuits.

B. Master Control Unit: System component that accepts inputs from other control units and 

may also perform control-unit functions. The unit has limited capacity for the number of 

protected zones and is installed at an unattended location or at a location where it is not 

the attendant's primary function to monitor the security system.

C. Monitoring Station: Facility that receives signals and has personnel in attendance at all 

times to respond to signals. A central station is a monitoring station that is listed.

D. Standard Intruder: A person who weighs 300 lb or less and whose height is 78 inches or 

less; dressed in a long-sleeved shirt, slacks, and shoes  unless environmental conditions at 

the site require protective clothing.

E. Standard-Intruder Movement: Any movement, such as walking, running, crawling, rolling, 

or jumping, of a "standard intruder" in a protected zone.
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1.3 ACTION SUBMITTALS

A. Product Data: For each type of product indicated.

1.4 INFORMATIONAL SUBMITTALS

1.5 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with 

protective covering for storage and identified with labels describing contents.

1. Intrusion Detection Devices: Furnish quantity equal to 25 percent of the number of 

units of each type installed, but no fewer than one of each type.

2. Fuses: Three of each kind and size.

3. Tool Kit: Provide six sets of tools for use with security fasteners, each packaged in a 

compartmented kit configured for easy handling and storage.

4. Security Fasteners: Furnish no fewer than 1 box for every 50 boxes or fraction 

thereof, of each type and size of security fastener installed.

1.7 QUALITY ASSURANCE

1.8 PROJECT CONDITIONS

A. Environmental Conditions: Capable of withstanding the following environmental 

conditions without mechanical or electrical damage or degradation of operating capability:

1. Altitude: Sea level to 6000 feet .

2. Master Control Unit: Rated for continuous operation in an ambient of 5 to 105 deg F 

and a relative humidity of 20 to 80 percent, noncondensing.

3. Interior, Uncontrolled Environment: System components installed in non-air-

conditioned interior environments shall be rated for continuous operation in 

ambients of 5 to 105 deg F dry bulb and 20 to 90 percent relative humidity, 

noncondensing.

1.9 WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer and Installer agree 

to repair or replace components of intrusion detection devices and equipment that fail in 

materials or workmanship within specified warranty period.

1. Warranty Period: Two years from date of Substantial Completion.



May 22, 2020

Tuscany

283100 - 3 INTRUSION DETECTION

Copyright © 2020 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International 

Treaties. It was created by "COR Engineering LLC" for "Tuscany".  A valid, current MasterSpec license is required for editing and use of this document for any other 

project.(10522)

PART 2 - PRODUCTS

2.1 FUNCTIONAL DESCRIPTION OF SYSTEM

A. Description: Hard-wired , modular, microprocessor-based controls, intrusion sensors and 

detection devices, and communication links to perform monitoring, alarm, and control 

functions.

B. Supervision: System components shall be continuously monitored for normal, alarm, 

supervisory, and trouble conditions. Indicate deviations from normal conditions at any 

location in system. Indication includes identification of device or circuit in which deviation 

has occurred and whether deviation is an alarm or malfunction.

1. Alarm Signal: Display at PLC and transmit alarm to Operator.

2. Trouble Condition Signal: Distinct from other signals, indicating that system is not 

fully functional. Trouble signal shall indicate system problems such as battery 

failure, open or shorted transmission line conductors, or control-unit failure.

3. Supervisory Condition Signal: Distinct from other signals, indicating an abnormal 

condition as specified for the particular device or control unit.

C. System Control: Master control unit shall directly monitor intrusion detection units and 

connecting wiring.

D. System shall automatically reboot program without error or loss of status or alarm data 

after any system disturbance.

E. Operator Commands:

1. Help with System Operation: Display all commands available to operator. Help 

command, followed by a specific command, shall produce a short explanation of the 

purpose, use, and system reaction to that command.

2. Acknowledge Alarm: To indicate that alarm message has been observed by 

operator.

F. Response Time: Two seconds between actuation of any alarm and its indication at master 

control unit.

G. Circuit Supervision: Supervise all signal and data transmission lines, links with other 

systems, and sensors from master control unit. Indicate circuit and detection device faults 

with both protected zone and trouble signals, sound a distinctive audible tone, and 

illuminate an LED. Maximum permissible elapsed time between occurrence of a trouble 

condition and indication at master control unit is 20 seconds. Initiate an alarm in response 

to opening, closing, shorting, or grounding of a signal or data transmission line.

H. Programmed Secure-Access Control: System shall be programmable to automatically 

change status of various combinations of protected zones between secure and access 

conditions at scheduled times. Status changes may be preset for repetitive, daily, and 

weekly; specially scheduled operations may be preset up to a year in advance. Manual 

secure-access control stations shall override programmed settings.
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I. Manual Secure-Access Control: Coded entries at manual stations shall change status of 

associated protected zone between secure and access conditions.

2.2 SYSTEM COMPONENT REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.

B. Control Units, Devices, and Communications with Monitoring Station: Listed and labeled 

by a qualified testing agency for compliance with SIA CP-01.

C. Comply with NFPA 70.

D. Surge Protection: Protect components from voltage surges originating external to 

equipment housing and entering through power, communication, signal, control, or 

sensing leads. Include surge protection for external wiring of each conductor entry 

connection to components.

1. Minimum Protection for Power Lines 120 V and More: Auxiliary panel suppressors 

complying with requirements in Section 264313 "Surge Protection for Low-Voltage 

Electrical Power Circuits."

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power 

Lines: Listed and labeled by a qualified testing agency for compliance with 

NFPA 731.

E. Intrusion Detection Units: Listed and labeled by a qualified testing agency for compliance 

with UL 639.

F. Interference Protection: Components shall be unaffected by radiated RFI and electrical 

induction of 15 V/m over a frequency range of 10 to 10,000 MHz and conducted 

interference signals up to 0.25-V rms injected into power supply lines at 10 to 10,000 MHz.

G. Tamper Protection: Tamper switches on detection devices, control units, annunciators, 

pull boxes, junction boxes, cabinets, and other system components shall initiate a tamper-

alarm signal when unit is opened or partially disassembled and when entering conductors 

are cut or disconnected. Master control-unit alarm display shall identify tamper alarms and 

indicate locations.

H. Self-Testing Devices: Automatically test themselves periodically, but not less than once per 

hour, to verify normal device functioning and alarm initiation capability. Devices transmit 

test failure to master control unit.

I. Antimasking Devices: Automatically check operation continuously or at intervals of a 

minute or less, and use signal-processing logic to detect blocking, masking, jamming, 

tampering, or other operational dysfunction. Devices transmit detection of operational 

dysfunction to master control unit as an alarm signal.

2.3 ENCLOSURES

A. Interior Electronics: NEMA 250, Type 12.
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B. Screw Covers: Where enclosures are readily accessible, secure with security fasteners of 

type appropriate for enclosure.

2.4 DOOR AND WINDOW SWITCHES

A. Manufacturers: Subject to compliance with requirements, provide products by the 

following:

1. Honeywell International Inc.

2. Honeywell Security Products- Americas.

3. United Technologies Corporation (UTC Climate, Controls & Security - Interlogix).

B. Description: Balanced-magnetic switch, complying with UL 634, installed on frame with 

integral overcurrent device to limit current to 80 percent of switch capacity. Bias magnet 

and minimum of two encapsulated reed switches shall resist compromise from 

introduction of foreign magnetic fields.

C. Overhead Door Switch: Balanced-magnetic type, listed for outdoor locations, and having 

door-mounted magnet and floor-mounted switch unit.

2.5 MICROWAVE-PIR DUAL-TECHNOLOGY SENSORS

A. Manufacturers: Subject to compliance with requirements, provide products by the 

following:

1. Honeywell International Inc.

2. United Technologies Corporation (UTC Climate, Controls & Security - Interlogix).

B. Description: Single unit combining a sensor that detects changes in microwave signals and 

a PIR sensor that detects changes in ambient level of infrared emissions caused by 

standard-intruder movement within detection pattern.

C. Listed and labeled by a qualified testing agency for compliance with SIA PIR-01.

D. Device Performance: An alarm is transmitted when either sensor detects a standard 

intruder within a period of three to eight seconds from when the other sensor detects a 

standard intruder.

1. Minimum Detection Pattern: A room 20 by 30 feet.

2. PIR Sensor Sensitivity: Adjustable pattern coverage to detect a change in 

temperature of 2 deg F or less, and standard-intruder movement within sensor's 

detection patterns at any speed between 0.3 to 7.5 fps across two adjacent 

segments of detector's field of view.

3. Microwave Sensor Sensitivity: Adjustable, able to detect standard-intruder 

movement within sensor's detection pattern at any speed between 0.3 to 7.5 fps. 

Sensor sensitivity adjustments shall be accessible only when sensor housing is 

removed, and sensors shall comply with 47 CFR 15.

4. Activation Indicator: LED indicator shall not be visible during normal operation. 

Indicator shall light when sensor detects a standard intruder. Locate test enabling 

switch under sensor housing cover.

http://www.specagent.com/LookUp/?ulid=2467&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=2475&mf=04&src=wd


May 22, 2020

Tuscany

283100 - 6 INTRUSION DETECTION

Copyright © 2020 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International 

Treaties. It was created by "COR Engineering LLC" for "Tuscany".  A valid, current MasterSpec license is required for editing and use of this document for any other 

project.(10522)

2.6 SECURITY FASTENERS

A. Operable only by tools produced for use on specific type of fastener by fastener 

manufacturer or other licensed fabricator. Drive system type, head style, material, and 

protective coating as required for assembly, installation, and strength.

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Acument Global Technologies; Acument Intellectual Properties, LLC.

2. Safety Socket LLC.

3. Tamper-Pruf Screws.

C. Drive System Types: Pinned Torx-Plus .

D. Socket Flat Countersunk Head Fasteners:

1. Heat-treated alloy steel, ASTM F 835.

2. Stainless steel, ASTM F 879, Group 1 CW.

E. Socket Button Head Fasteners:

1. Heat-treated alloy steel, ASTM F 835.

2. Stainless steel, ASTM F 879, Group 1 CW.

F. Socket Head Cap Fasteners:

1. Heat-treated alloy steel, ASTM A 574.

2. Stainless steel, ASTM F 837, Group 1 CW.

G. Protective Coatings for Heat-Treated Alloy Steel:

1. Zinc chromate, ASTM F 1135, Grade 3 or Grade 4, for exterior applications and 

interior applications where indicated.

2. Zinc phosphate with oil, ASTM F 1137, Grade I, or black oxide unless otherwise 

indicated.

PART 3 - EXECUTION

3.1 SYSTEM INSTALLATION

A. Comply with UL 681 and NFPA 731.

B. Equipment Mounting: Install master control unit on finished floor with tops of cabinets not 

more than 72 inches above the finished floor.

C. Install wall-mounted equipment, with tops of cabinets not more than 72 inches above the 

finished floor.

http://www.specagent.com/LookUp/?ulid=2481&mf=04&src=wd


May 22, 2020

Tuscany

283100 - 7 INTRUSION DETECTION

Copyright © 2020 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International 

Treaties. It was created by "COR Engineering LLC" for "Tuscany".  A valid, current MasterSpec license is required for editing and use of this document for any other 

project.(10522)

D. Connecting to Existing Equipment: Verify that existing perimeter security system is 

operational before making changes or connections.

1. Connect new equipment to existing control panel in existing part of the building.

2. Connect new equipment to existing monitoring equipment at the Supervising 

Station.

3. Expand, modify, and supplement existing monitoring equipment as necessary to 

extend existing monitoring functions to the new points. New components shall be 

capable of merging with existing configuration without degrading the performance 

of either system.

E. Security Fasteners: Where accessible to inmates, install intrusion detection components 

using security fasteners with head style appropriate for fabrication requirements, strength, 

and finish of adjacent materials except that a maximum of two different sets of tools shall 

be required to operate security fasteners for Project.  Provide stainless-steel security 

fasteners in stainless-steel materials.

3.2 WIRING INSTALLATION

A. Wiring Method: Install wiring in metal raceways according to Section 270528 "Pathways 

for Communications Systems." Conceal raceway except in unfinished spaces and as 

indicated. Minimum conduit size shall be 1/2 inch. Control and data transmission wiring 

shall not share conduit with other building wiring systems.

B. Wiring Method: Install wiring in metal raceways according to Section 270528 "Pathways 

for Communications Systems," except in accessible indoor ceiling spaces and in interior 

hollow gypsum board partitions where cable may be used. Conceal raceways and wiring 

except in unfinished spaces and as indicated. Minimum conduit size shall be 1/2 inch. 

Control and data transmission wiring shall not share conduit with other building wiring 

systems.

C. Wiring Method: Cable, concealed in accessible ceilings, walls, and floors when possible.

D. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points. Use lacing 

bars and distribution spools. Separate power-limited and non-power-limited conductors as 

recommended in writing by manufacturer. Install conductors parallel with or at right 

angles to sides and back of enclosure. Connect conductors that are terminated, spliced, or 

interrupted in any enclosure associated with intrusion system to terminal blocks. Mark 

each terminal according to system's wiring diagrams. Make all connections with approved 

crimp-on terminal spade lugs, pressure-type terminal blocks, or plug connectors.

E. Wires and Cables:

1. Conductors: Size as recommended in writing by system manufacturer unless 

otherwise indicated.

2. 120-V Power Wiring: Install according to Section 260519 "Low-Voltage Electrical 

Power Conductors and Cables" unless otherwise indicated.

3. Control and Signal Transmission Conductors: Install unshielded, twisted-pair cable 

unless otherwise indicated or if manufacturer recommends shielded cable, 

according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
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4. Data and Television Signal Transmission Cables: Install according to Section 260519 

"Low-Voltage Electrical Power Conductors and Cables."

F. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in 

junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.

G. Install power supplies and other auxiliary components for detection devices at control 

units unless otherwise indicated or required by manufacturer. Do not install such items 

near devices they serve.

H. Identify components with engraved, laminated-plastic or metal nameplate for master 

control unit and each terminal cabinet, mounted with corrosion-resistant screws. 

Nameplates and label products are specified in Section 270553 "Identification for 

Communications Systems."

3.3 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Comply with identification 

requirements in Section 270553 "Identification for Communications Systems."

B. Install instructions frame in a location visible from master control unit.

3.4 GROUNDING

A. Ground the master control unit and associated circuits; comply with IEEE 1100. Install a 

ground wire from main service ground to master control unit.

B. Ground system components and conductor and cable shields to eliminate shock hazard 

and to minimize ground loops, common-mode returns, noise pickup, cross talk, and other 

impairments.

C. Signal Ground Terminal: Locate at main equipment rack or cabinet. Isolate from power 

system and equipment grounding. Provide 5 -ohm ground. Measure, record, and report 

ground resistance.

D. Install grounding electrodes of type, size, location, and quantity indicated. Comply with 

installation requirements in Section 270526 "Grounding and Bonding for Communications 

Systems."

3.5 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, and maintain the intrusion 

detection system. Comply with documentation provisions in NFPA 731, Ch. 4, 

"Documentation and User Training."

END OF SECTION 283100
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